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It  is  the  policy  of  the  Congress  to  develop  on  an  urgent  basis  the  technological  capabilities  to  support  the  broadest 
range  of  energy  policy  options  through  conservation  and  use  of  domestic  resources  by  socially  and  environmentally 
acceptable  means. 


Section  3(a) 

Federal  Non-nuclear  Energy  Research 
and  Development  Act  of  1974 


Needless  to  say,  this  (energy  conservation)  is  a very  broad  topic,  and  includes  more  than  just  turning  off  light  bulbs  and 
riding  bicycles  to  the  corner  store.  It  also  means  taking  a systems  approach  to  our  Nation's  energy  requirements.  It 
means  improving  the  efficiency  of  energy  conversion,  transmission,  and  utilization.  It  means  implementing  policies  at 
the  national  and  local  levels  that  will  encourageall  of  our  citizenstoconserveenergytothe  maximum  extentfeasible. 

Representative  Mike  McCormack  (D-Wash.) 


.and  for  future  generationsat  least  we  must  bequeath  a more  rational  trust  and  discipline  ourselves  to  take  care  of 
(^ur  energy  needs  with  conservation,  with  pollution  controlled  use  of  fossil  fuels,  with  rapid  mainstreaming  of  alter- 
native forms  of  energy,  bioconversion,  solar,  geothermal,  and  the  rest.,  Under  stress  we  can  do  it.  Under  stress 
engineers  and  scientists  become  very,  very  creative  , . . 

Ralph  Nader 


A limited  number  of  copies  of  this  final  report  will  be  available  from:  ENGINEERING  EXTENSION  SERVICE,  Auburn 
University,  Auburn,  Alabama  36830.  The  ECASTAR  report  (energy  conservation)  may  be  viewed  as  a companion 
report  to  MEGASTAR  .{energy  growth).  Previous  summer,  studies  by  the  Auburn/Marshali  Summer  Faculty 
Fellowship  Systems  Engineering  Design  Groups  are  listed  on  the  inside  of  the  back  cover  of  this  report. 


NOTICE 


THIS  DOCUMENT  HAS  BEEN  REPRODUCED  FROM  THE 
BEST  COPY  FURNISHED  US  BY  THE  SPONSORING 
AGENCY.  ALTHOUGH  IT  IS  RECOGNIZED  THAT  CER- 
TAIN PORTIONS  ARE  ILLEGIBLE,  TT  IS  BEING  RE- 
LEASED IN  THE  INTEREST  OF  MAKING  AVAILABLE 
AS  MUCH  INFORMATION  AS  POSSIBLE. 
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ABSTRACT 


ECASTAR  presents  a methodology  for  a systems  approach  display  and 
assessment  of  the  potential  for  energy  conservation  actions  and  the  impacts 
of  those  actions.  The  U.  S.  economy  is  divided  into  four  sectors  — energy 
industry,  industry,  residential /commercial  and  transportation.  Each  sector 
is  assessed  with  respect  to  energy  conservation  actions  and  impacts.  The 
four  sectors  are  combined  and  three  strategies  for  energy  conservation 
actions  for  the  combined  sectors  are  assessed.  The  three  strategies 
(national  energy  conservation,  electrification  and  diversification)  represent 
energy  conservation  actions  for  the  near  term  (now  to  1985),  the  mid  term 
(1985  to  2000)  and  the  far  term  (2000  and  beyond).  The  assessment  procedure 
includes  input/output  analysis  to  bridge  the  flows  between  the  sectors,  and  ■ 
net  economics  and  net  energetics  as  performance  criteria  for  the  conservation 
actions.  The  abbreviated  30  x 30  input/output  analysis  matrix  developed  in 
ECASTAR  relates  dollars,  BTU's  and  labor  to  total  industrial  production.  The 
matrix  is  thought  to  be  the  ideal  size  for  energy  policy  analysis.  A 
feature  of  the  assessment  methodology  is  the  identification  of  targets  of 
opportunity  for  large  net  energy  savings  and  the  application  of  technology 
to  achieve  these  savings.  In  addition,  citizen's  actions  for  energy  con- 
servation are  discussed, 

ECASTAR  represents  the  result  of  an  educational  effort  in  systems 
approach  methodology.  Thus  ECASTAR  presents  a display  of  energy  conservation 
as  seen  by  the  participants  who  initially  lacked  detailed  background  in  the 
energy  area. 


PRBX3EDING  PAGE  BLANK; 


TABLE  OF  CONTENTS 


LIST  OF  PARTICIPANTS  AND  STAFF ii 

GUEST  SPEAKERS  AND  OTHER  CONTRIBUTORS iii 

ABSTRACT ix 

TABLE  OF  CONTENTS x 

ACKNOWLEDGMENTS  xiv 

INTRODUCTION  xvi 

CHAPTER  1.  THE  POLITICAL  ECONOMY  OF  CONSERVATION  1-1 

1.1.  INTRODUCTION 1-1 

1.2.  ENERGY  ECONOMICS  1-1 

1.3.  THE  ROLE  OF  GOVERNMENT 1-10 

1.4.  CONSERVATION  ACTION-IMPACT  FLOW  1-10 

CHAPTER  2.  CONSERVATION:  TOWARD  FIRMER  GROUND  2-1 

2.1.  CONSERVATION  HISTORY  AND  GOALS  2-1 

2.2.  CONSERVATION  MODES  2-3 

2.3.  CONSERVATION  ACCOUNTING  - CRITERIA  2-5 

2.4.  A METHOD  TO  OVERCOME  OBSTACLES 2-8 

CHAPTER  3.  ECASTAR  SYSTEMS  APPROACH  3-1 

3.1.  THE  METHOD 3-1 

3.2.  APPLYING  THE  METHOD 3-6 

3.3.  INPUT-OUTPUT  ANALYSIS  3-17 

3.4.  ENERGY  PERFORMANCE  CRITERIA:  NET  ENERGETICS  VERSUS 

NET  ECONOMICS 3-20 

3.5.  AN  EXAMPLE  OF  THE  METHOD:  TECHNOLOGY  APPLICATION  3-27 

CHAPTER  4.  CONSERVATION  IN  THE  ENERGY  INDUSTRY  4-1 

4.1.  INTRODUCTION 4-1 

4.2.  CONSERVATION  STATUS  4-2 

4.3.  GOVERNMENT  CONSERVATION  STATUS  4-4 

4.4.  ACTIONS 4-4 

4.5.  THE  GOVERNMENT  DEREGULATES  NATURAL  GAS  PRICES  4-9 

CHAPTER  5.  CONSERVATION  AND  THE  INDUSTRY  SECTOR  5-1 

5.1.  INTRODUCTION 5-3 

5.2.  CONSUMPTION  STATUS  5-4 

5.3.  CONSERVATION  STATUS  IN  INDUSTRY  5-4 


x 


TABLE  OF  CONTENTS  (Continued) 


5.4.  GOVERNMENT  ACTIONS  5-7 

5.5.  CONSERVATION  ACTIONS  5-7 

5.6.  ASSESSMENT  AND  IMPACTS 5-11 

CHAPTER  6.  ENERGY  CONSERVATION  AND  THE  TRANSPORTATION  SECTOR  ....  6-1 

6.1.  INTRODUCTION ' 6-1 

6.2.  TOTAL  ENERGY  USE  IN  TRANSPORTATION  6-5 

6.3.  CONSERVATION  STATUS  6-10 

6.4.  GOVERNMENT  ACTION  STATUS  6-11 

6.5.  SELECTED  CONSERVATION  ACTIONS  6-12 

CHAPTER  7.  ENERGY  CONSERVATION  AND  THE  RESIDENTIAL  AND  COMMERCIAL 

SECTOR . 7-1 

7.1.  INTRODUCTION 7-2 

7.2.  CONSUMPTION  STATUS 7-4 

7.3.  CONSERVATION  STATUS  7-4 

7.4.  GOVERNMENT  ACTION  STATUS  7-11 

7.5.  SELECTED  CONSERVATION  ACTIONS  7-13 

7.6.  ASSESSMENTS 7-21 

CHAPTER  8.  INPUT-OUTPUT  ANALYSIS  OF  SOME  SECTOR  ACTIONS  8-1 

8.1.  INTRODUCTION 8-1 

8.2.  THE  ECASTAR  ENERGY  INPUT-OUTPUT  MODEL  8-2 

8.3.  THE  BASE  CASE 8-4 

8.4.  ACTIONS  . ‘ 8-6 

8.5.  SUMMARY 8-15 

CHAPTER  9.  NATIONAL  ENERGY  CONSERVATION  9-1 

9.1.  INTRODUCTION • 9-1 

9.2.  DISCUSSION  OF  ACTIONS 9-8 

9.3.  INPUT-OUTPUT  ANALYSIS  OF  NATIONAL  ENERGY  CONSERVATION  . . . 9-25 

CHAPTER  10.  ELECTRIFICATION  10-1 

10.1.  INTRODUCTION . . . IOtI 

10.2.  ENERGY  INDUSTRY  ACTIONS  10-2 

10.3.  ACTIONS  IN  OTHER  SECTORS '. 10-16 

10.4.  CONSERVATION  FEEDBACK  AND  IMPACTS  10-19 

10.5.  RECOMMENDATION  .....  10-22 

CHAPTER  11.  DIVERSIFICATION  OF  ENERGY  SOURCES  11-1 

11.1.  DEFINITION  AND  BACKGROUND 11-1 

11.2.  THE  SYSTEMS  APPROACH  TO  DIVERSIFICATION  11-3 

11.3.  ADVANTAGES,  CRITERIA,  AND  CONSTRAINTS  11-5 

11.4.  CURRENT  STATUS  AND  PREVAILING  VIEWS  OF  DIVERSIFICATION  . . 11-9 

11.5.  MEANS  OF  IMPLEMENTATION 11-11 

11.6.  ACTIONS 11-12 

11.7.  ASSESSMENTS 11-13 

xi 


TABLE  OF  CONTENTS  (Continued) 


CHAPTER  12.  CITIZENS'  ACTIONS  12-1 

12.1.  BACKGROUND 12-2 

12.2.  OIL  EMBARGO  AND  THE  CONSUMER 12-7 

12.3.  BARRIERS  TO  SAVINGS 12-8 

12.4.  INCENTIVES  TO  SAVE 12-10 

12.5.  PRESENT  APPROACHES  12-11 

12.6.  SAVINGS  — POTENTIAL  AND  PROGRAMS 12-14 

12.7.  CONCLUSION  AND  RECOMMENDATIONS  12-16 

CHAPTER  13.  ECASTAR  SUMMARY  AND  RECOMMENDATIONS  13-1 

13.1.  UNRESOLVED  ISSUES  13-2 

13.2.  RECOMMENDATIONS 13-7 

13.3.  EPILOGUE 13-13 

APPENDIX  A.  ABBREVIATIONS  A-1 

APPENDIX  B.  UNITS  AND  CONVERSION  FACTORS  B-1 

B.l.  ENERGY  UNITS B-1 

B. 2.  POWER  PLANT  RATINGS  B-1 

APPENDIX  C.  ALTERNATE  ENERGY  PERFORMANCE  CRITERIA  C-1 

C. l.  EFFICIENCY  CRITERIA  C-1 

C.2.  IMPLEMENTATION  OF  PERFORMANCE  CRITERIA  C-11 

C.3.  APPLICATION  OF  THE  CRITERIA  TO  MAJOR  ISSUES  C-1 6 

C. 4.  CRITERIA  APPLIED  TO  A HELIOSTAT  SOLAR  PLANT  1 C-23 

APPENDIX  D.  REPORT  OF  THE  ENERGY  INDUSTRY  TASK  GROUP  D-1 

D. l.  INTRODUCTION D-1 

D.2.  PRESENT  ENERGY  SYSTEMS  D-1 

D.3.  DEVELOPING  ENERGY  SYSTEMS  D-40 

D. 4.  GENERAL  PROPOSED  ACTIONS  D-68 

APPENDIX  E.  CONSERVATION  AND  THE  INDUSTRY  SECTOR  E-1 

E. l.  INTRODUCTION E-1 

E.2.  INDUSTRY  ENERGY  CONSERVATION  E-11 

E.3.  CONSERVATION  STATUS  E-23 

E.4.  GOVERNMENT  ACTIONS  E-42 

E. 5.'  ACTIONS E-46 

APPENDIX  F.  A STUDY  OF  ENERGY  CONSERVATION  IN  THE  TRANSPORTATION 

SECTOR F-1 

F. l.  METHOD  ADOPTED ‘ F-1 

F.2.  CONSTRAINTS  AND  CRITERIA F-4 


TABLE  OF  CONTENTS  (Continued) 


F.3.  POSSIBLE  ENERGY  CONSERVATION  ACTIONS  IN  THE  TRANSPORTA- 
TION SECTOR  AND  THEIR  POTENTIAL  F-4 

F.4.  ASSESSMENT  OF  ACTIONS ; F-12 

F.5.  SOME  VIEWS  TO  THE  FUTURE F-26 

F. 6.  ENERGY  ENVELOPE  CURVES  FOR  THE  TRANSPORTATION  SECTOR  . . . F-35 

APPENDIX  G.  CONSERVATION  IN  THE  RESIDENTIAL  AND  COMMERCIAL  SECTOR  . . G-1 

G. l.  INTRODUCTION G-1 

G.2.  REDUCING  CONSUMPTION  AND  INCREASING  EFFICIENCY  OF 

BUILDINGS 6-20 

G.3.  RESIDENTIAL/COMMERCIAL  SUBSTITUTION  ACTIONS  G-42 

G.4.  RESIDENTIAL/ COMMERCIAL  — REDUCE  ENERGY  USE  IN' LIGHTING 

IN  COMMERCIAL  SECTOR  G-75 

G.5.  RESIDENTIAL/COMMERCIAL  REDUCED  CONSUMPTION  AND  INCREASED 

EFFICIENCY  OF  RESIDENTIAL  HOT  WATER  SYSTEMS  G-92 

APPENDIX  H.  ECASTAR  ENERGY  INPUT-OUTPUT  MODEL  H-1 

APPENDIX  I.  NATIONAL  ENERGY  CONSERVATION  DATA  I-l 

1.1.  ACTIONS  1 AND  3 TABLES  AND  FIGURES I-l 

1.2.  ACTION  6 — CONVERSION  FROM  OIL  OR  GAS  TO  OTHER  FUELS  ...  I-l 

APPENDIX  J.  ELECTRIFICATION  J-1 

J.l.  INTRODUCTION J-1 

J.2.  ENERGY  INDUSTRY  ACTIONS  J-1 

J. 3.  ACTIONS  IN  OTHER  SECTORS J-49 

APPENDIX  K..  DIVERSIFICATION  K-1 

K. l.  DIVERSIFICATION  ACTIONS  K-1 

K.2.  REQUIREMENTS  FOR  DIVERSIFICATION  WATER  IMPACT  STUDY  ....  K-IO 
K.3.  ASSESSMENT  OF  ENERGY  SOURCE  IMPACTS  IN  WATER  SCARCE 

REGIONS K-21 

K.4.  ERDA  PLANS  AND  BUDGET K-24 

APPENDIX  L.  CITIZENS'  ACTIONS  L-1 

APPENDIX  M.  SEMINAR  SUMMARIES M-1 

APPENDIX  N.  FEDERAL  AND  STATE  ENERGY  LEGISLATION  N-1 

N.l.  FEDERAL  ENERGY-RELATED  LEGISLATION  N-2 

N.2.  STATE  ENERGY- RELATED  LEGISLATION  N-13 

REFERENCES 


xiii 


ACKNOWLEDGMENTS 


The  successful  completion  of  ECASTAR  would  not  have  been  achieved 
without  the  unstinting  support  of  the  many  offices  and  personnel  of  the 
Marshall  Space  Flight  Center  as  well  as  the  many  people  from  private 
industries,  universities,  the  Federal  Government,  utilities,  institutes, 
etc.,  who  provided  valuable  resource  material  via  seminars,  telephone 
conversations  and  written  communications.  It  is  not  possible  to  give 
proper  recognition  to  all  of  the  individuals  who  participated  in  our 
program;  however,  we  have  listed  certain,  speakers  and  others  who  contri- 
buted substantially  to  the  ECASTAR  effort.  These  contributors  are 
listed  in  the  front  portion  of  this. report  and  summaries  of-  the  speakers' 
renarks  are  given  in  Appendix  M. 

We  wish  to  express  our  thanks  to  Dr.  W.  R.  Lucas,  Director  of  MSFC; 
Mr.  R.  G.  Smith,  Deputy  Director;  Mr.  J.  S.  Rotate,  Associate  Director; 
Col.  E.  0.  Hohlere,  Assistant  to  the  Director;  Dr.  Ernst  Stuhlihger, 
Associate  Director  for  Science;  and  especially  to  Dr.  George  Bucher, 

Deputy  Associate  Director  for  Science;  Dr.  Randy  Humphries,  our  NASA 
Co-Director  deserves  our  particular  appreciation. 

Mr.  J.  T.  Shepherd,  Mr.  J.  N.  Foster,  Mr.  J.  R.  Johnson,  Mr.  Jim 
Dowdy,  Mr.  Bob  Francis,  Mr.  Bob  Wessels,  Mr.  S.  J.  Sweat,  Mr.  David  Pughe, 
Mr.  Brian  Pitre  and  many  others  deserve  credit  and  appreciation  for 
providing  the  physical  facilities  and  supplies.  Mr.  Clyde  Hightower  gave 
his  enthusiastic  and  invaluable  support  throughout  the  summer  and  we  say, 
"thank  you"  for  the  many  things  he  did  for  the  group. 

The  success  of  any  program  depends  on  the  resource  material  that 
is  made  available  to  the  participants.  The  NASA  Regional  Information 
Center  and  the  Redstone  Scientific  Information  Centers  are  run  by  dedi- 
cated, capable  and  helpful  librarians.  These  two  centers  have,  over 
the  years,  provided  excellent  support  to  the  NASA/ASEE  programs  and  we 
sincerely  appreciate  the  efforts  of  all  of  the  professionals  who  assisted 
us,  especially  Ms.  Charlotte  Dabbs  of  NASA  and  Mr.  Jim  Clark  of  RSIC. 


The  office  of  Public  Affairs  has  answered  many  requests  during  the 
program  and  we  thank  Mr.  Joe  Jones,  Mr.  Guy  Jackson,  Mr.  Ed  Schorston 
and  Ms.  Vivian  Whitely,  Mr.  Bill  Mayes,  and  Mr.  Curtis  Hunt. 

Mr.  Bill  Chandler  and  Mr.  Dean  Cagle  of  Graphic  Engineering  and  Mr. 
Ron  Cook  and  Mr.  George  Wertz  of  Hayes  International  provided  us  with 
much  needed  support  by  providing  the  figures  and  art  work  that  were  often 
needed  on  a rush,  basis.  Mr.  Charles  Allen  of  the  Photo  Lab  provided 
similar  support  of  our  photographic  needs.  Without  their  cooperation. 


xiv 


INTRODUCTION 


Within  the  eleven  week  ECASTAR  fellowship  program,  systems  analysis  has 
been  applied  to  the  important  topic  of  energy  conservation.  It  must  be 
noted  that  much  of  the  worth  of  the  ensuing  document  is  based  on  the  method 
of  analysis.  The  ECASTAR  group,  of  course,  could  not  have  generated  a 
numerical  analysis  comparable  to  Project  Independence  and  other  important 
studies  relating  to  conservation.  The  hope  Is  that  the  ECASTAR  character- 
ization will  cause  policymakers  to  have  a broad  perspective  when  deciding 
on  conservation  actions. 

The  reader  will  find  Chapter  1 to  present  a discussion  of  the 
political  economy  of  the  U.  S.  It  is  felt  that  it  is  necessary  in  the 
systems  approach  to  introduce  the  reader  to  the  subject  matter  initially 
at  this  level  of  generality.  Chapter  2,  then,  leads  the  reader  into  the 
group's  struggle  to  characterize  conservation.  It  should  be  noted  that  one 
conclusion  reached  is  that  conservation  cannot  be  defined  in  absolute  terms. 

In  Chapter  3,  the  methods  of  analysis  used  in  the  study  are  present- 
ed. Some  of  these  tools  are  traditional  while  others  are  somewhat  in- 
novative. Most  useful  in  general  is  the  systems  approach  itself.  Input- 
output  analysis  and  "net  energetics"  are  useful  in  specific  problems. 

Chapters  4 through  7 discuss  the  work  of  the  task  groups  broken 
doirW  into  the  energy  industry,  industry,  transportation,  and  residential/ 
commercial  sectors.  Data  is  given  here  to  describe  the  state  of  the  world 
in  these  sectors,  and  action-impact  discussion  not  necessarily  related  to 
the  broader  issues  of  Chapters  9,  10,  11,  and  12  is  found  here.  Chapter  8 
represents  a reconciliation  of  the  task  group  analysis  in  terms  of 
overall  constraints  and  criteria,’  impacts  and  their  implications  for 
conservation  action  trade-offs.  This  again  is  part  of  the  essence  of 
systems  analysis. 

As  mentioned.  Chapters  9-12  discuss  several  broad  issues  of  the  day 
' in  terms  of  conservation.  These  general  actions  are  divided  into  their 
requisite  subactions,  and  the  latter  are  carried  through  the  impact 
analysis.  Some  general  comments  and  recommendations  regarding  the  overall 
action  are  presented. 

Chapter  13  gives  a summary  of  the  work  and  some  recommendations  the 
group  posits  as  a result  of  the  summer  study.  It  should  again  be  noted 
that  these  recommendations  are  far  from  absolute.  In  the  spirit  of  the 
systems  approach,  they  should  be  reconciled  with  comparable  studies  around 
the  nation,- 

The  ECASTAR  study  closes  with  a set  of  appendices  which  either  enlarge 
upon  the  discussion,  present  material  not  contained,  or  list  things  that 
would  be  cumbersome  in  the  text  itself. 
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It  might  also  be  said  that  ECASTAR  is  a response  to  a statement  made 
by  Congressman  McCormack  in  his  opening  statement  to  a joint  session  of 
the  Conservation  and  Natural  Resources  Subcommittee  of  the  Committee,  on 
Government  Operations,  and  Energy  subcommittee  of  the  Committee  on  Science 
and  Astronautics  (June  9,  1973): 

Needless  to  say,  this  [i.e,  energy  conservation]  is  a very 
broad  topic,  and  includes  more  than  just  turning  off  light 
bulbs  and  riding  bicycles  to  the  corner  store.  It  also 
means  taking  a systems  approach  to  our  Nation's  energy  re- 
quirements. It  means-  improving  the  efficiency  of  energy 
conversion,  transmission,  and  utilization.  It  means  imple- 
menting policies  at  the  national  and  local  levels  that  will 
encourage  all  of  our  citizens  to  conserve  energy  to  the 
maximum  extent  feasible. 


* 


* 


“k 


The  following  is  a contrived  d-iscussion  between  the  ECASTAR  Group  (6) 
and  a ninefold  composite  of  the  myriad  of  speakers  and  other  persons  con- 
tacted during  the  summer.  The  speakers  are. characterized  by  the  following 
titles,  which  by  no  means  are  meant  to  reflect  any  particular  persons 


encountered: 

AT: 

The 

Advanced  Technologist 

AD: 

The 

Ankle  Deeper 

CE: 

The 

Consulting  Engineer 

D: 

The 

Divers  if ier 

E: 

The 

El  ectrifier 

GB: 

The 

General  Businessman 

KD: 

The 

Knee  Deeper 

NP: 

The 

Nuclear  Powerite 

PP: 

The 

People  Person. 

The  conversation  touched  on  many  important  areas  and  gave  the  group 
much  of  the  impetus  for  the  sequel.  The  key  questions  asked  by  the  group 
are  emphasized  in  order  to  outline  the  important  areas  discussed  below. 

The  discontinuity  between  some  of  the  questions  and  their  answers  is 
done  purposely.  Often  the  speakers  would  not  directly  address  certain 
issues,  but  would  sneak  up  on  or  around  the  question.  However,  all  questions 
asked,  in  the  sequel  below,  ultimately  get  some  sort  of  answer. 


DIALOGUE 


G.  It  appears  that  the  U.  S.  is  in  a somewhat  difficult  energy  situation. 

How  do  you  think  it  can  deal  with  its  increasing  reliance  on  foreign 

oil  supplies?  They  are  approaching  40%  of  our  domestic  consumption. 

E.  We  should  use  coal  and  nuclear  power,  to  generate  electricity!  What 
el  se? 

D,  Not  only  those!  They  are  only  part  of  the  Energy  Research  and  Develop- 
ment Administration's  plan  to  explore  all  of  America's  energy  options. 
These  include  oil  shale,  solar,  geothermal,  wind,  liquified  and  gas- 
ified coal,  etc. 

G.  SHOULD  WE  EMPLOY  CONSERVATION  BY  SUBSTITUTING  PLENTIFUL  FOR  SCARCE 
ENERGY  RESOURCES? 

PP.  I think  we  should  stop  our  wasteful  and  imprudent  consumption.  That 

is,  simply  curtail  our  use  of  gasoline,  heating  oil  and  other  products. 


G.  SHOULD  WE  EMPLOY  CONSERVATION  BY  CURTAILING  END  USE  OF  ENERGY? 

CE.  All  of  this  may  be  true,  but  I think  that  all  energy  consumers  can 
use  less  energy  if  they  would  implement  more  efficient  technology. 

G.  SHOULD  WE  EMPLOY  CONSERVATION  BY  INCREASING  THE  EFFICIENCY  OF  ENERGY- 
USING DEVICES? 

KD.  I don't  know  why_ypu  are  worried-  about  conservation.  Let's  think  of 
the  Organization  of  Petroleum  Exporting  Countries  (OPEC).  They  have 
joined  together  to  wield  monopoly  power.  But,  since  prices  are  rising, 
the  demand  for  oil  in  the  consuming  nations  is  -going  down  and  domestic 
supplies  are  going  up.  The  world  is  in  danger  of  being  flooded  with 
crude  oil  in  a few  years.  The  OPEC  nations  will  no  longer  have  the 
world  over  the  barrel,  and  we'll  be  knee-deep  in  oil! 

} 

AD.  That's  true,  but  consider  two  things.  One  is  that  the  world's  oil 
supply  is  finite,  and  knee-deep  in  1980  will  mean  ankle-deep  in  2000 
and  the  end  wi.ll  come  soon  after.  The  second  is  that  the  Mideast,  oil 
producers  have  accumulated  so  much  wealth  that  they  can  hold  production 
down  and  prices  up  indefinitely. 

NP,  That's  why  we  need  the  breeder  reactor! 

E.  Coal -fired  power  plants  also. 

D.  Yes,  but  all  of  the  other  sources  must  be  exploited.  Also,  we  should 
set  up  an  international  cooperative  of  consuming  nations  to  face  the 
OPEC  cartel . 


G.  WILL  CONSERVATION  BE  AN  IMPORTANT  WAY  OF  LIMITING  OPEC  POWER? 

AT.  We  can  help  with  technologies  that  have  been  implemented  in  other 

areas.  We  have  satellite  scanning  techniques  for  resource  exploration, 
telecommunications  to  replace  transportation,  more  efficient  and 
manageable  conducting  modes,  materials  recycling  techniques,  and  even 
research  laboratories  outside  of  the  earth.' s environment.  Our  technical 
know-how  combined  with  a long  lead  time  to  make  these  decisions  (for 
we  are  not  on  the  brink  of  disaster)  make  me  feel  optimistic.  Don't 
think  that  private  industry  will  let  the  country  go  down  either.  Did 
you  hear  that  oil  companies  are  buying  coal  and  uranium? 

KD.  I agree.  The  energy  shortage  of  1973-74  was  not  an  energy  crisis. 

There  was  plenty  of  oil  in  the  world.  It  was  an  economic  crisis  in 
a world  that  had  underpaid  for  fuels  for  several  decades.  The  problem 
was  that  people  and  firms  could  not  change  their  ways  very  rapidly. 

This  caused  disruption.  In  the  longer  run,  adjustment  is  easier. 

On  the  other  hand,  we  may  have  to  adjust  to  energy  prices  that  are 
low  once  again, 

PP.  Low  prices  will  cause  people  to  resume  their  vasteful  ways.  History 
has  a funny  way  of  repeating  itself.  Besides,  this  whole  oil  crisis 
may  have  started  with  a jolt  from  the  Arabs,  but  it  may  be  an  exercise 
of  oil  company  power  here  at  home.  Remember,  if  you  need  something 
strongly,  you'll  pay  nearly  any  price  for  it.  I heard  that  oil 
companies  may  have  decreased  gasoline  production  early  this  year  to 
create  a shortage  this  summer.  That's  no  surprise,  however;  it's  a 
rip-off  world.  Corporations  and  their  members  seem  ruled  by  the 
profit  motive  run  rampant. 

GB.  All  this  self-righteousness  about  wastefulness  and  the  business 

conspiracy  to  exploit  the  consumers.  Wastefulness  creates  jobs.  If' 
you  change  this,  you'll  disrupt  the  economy.  Also,  the  conspiracy 
seems  to  get  the  product  to  the  people.  Let  them  try  to  get  these 
goods  without  itl 

G.  DO  YOU  THINK  THAT  CONSERVATION  WILL  HAVE  STRONG  ECONOMIC  IMPACT? 

PP.  Conservation  will  probably  create  more  jobs  than  it  destroys. 

GB.  It's  anyone's  guess.  I think  that  much,  of  the  blame  for  this  so- 
called  energy  crisis  goes  to  the  environmentalists.  They  wanted 
too  much  too  soon  and  now, the  consumers  are  paying  for  it.  They 
stall  power  plant  construction,  offshore  drilling,  strip  mining  and 
pipeline  construction.  For  what? 

G.  WILL  THE  ENVIRONMENTAL  IMPACTS  OF  CONSERVATION  BE  SIGNIFICANT? 

GB.  That  may,  be  so,  but  business  is  business! 


G.  WHAT  POLITICAL  AND  SOCIAL  IMPACTS  MIGHT  WE  EXPECT  CONSERVATION  TO 
HAVE?  ■ 


GB.  I don't  know,  but  you  can  bet  that  the  system  will  take  care  of 
itself, 

G.  You  mentioned  coal  and  nuclear  power  earlier.  What  role  do  you  see 
them  playing  from  now  to  1985? 

D.  NATIONAL  ENERGY  CONSERVATION  is  currently  before  the  Congress.  It 
proposes  that  power  plants  and  large  industrial  oil  and- gas  users 
that  can  switch  to  coal  must  do  so.  We  know  that  coal  presents 
some  serious  environmental  problems,  but  with  capital  and  energy 
we  can  solve  them. 

G.  SHOULD  WE  USE  THE  SYSTEMS  APPROACH  TO  FORMULATE  NATIONAL  ENERGY 
CONSERVATION  POLICY? 

NP  & E (in  unison).  Nuclear  power  will  supply  about  20%  of  total  energy 
by  1985. 

G.  Don't  you  see  some  problems  with  this? 

PP.  Yes,  and  I'm  glad.  First  of  all,  people  waste  too  much  and  don't 
need  additional  electricity  in  the  future.  Secondly,  the  thermal 
discharge  and  radioactive  waste  problems  have  not  been  solved. 
Thirdly,  if  the  breeder  reactor  ever  comes  on  line,  plutonium  will 
endanger  a large  portion  of  the  population. 

NP.  Plutonium  is  not  THAT  serious  a problem.  Do  you  know  anyone  who  has 
died  from  plutonium? 

GB.  Don't  worry,  we  will  NEVER  see  the  breeder  in  our  lifetimes.  In 
fact,  the  current  nuclear  plants  are  being  postponed.' 

NP.  The  country  doesn't  realize  that  the  energy  coni-*nt  of  our  uranium 
resources  is  over  four  times  that  of  oil,  coal  and  gas.  Also,  fewer 
people  die  from  nuclear  power  than  from  the  other  three. 

E.  That's  right.  But  strip  mined  coal  is  becoming  the  trend  and  is  less 
hazardous.  Coal  along  with  nuclear  will  electrify  the  economy.  And, 
we  can  plan  on  the  breeder. 

G.  IS  ELECTRIFICATION  A CONSERVATION  STRATEGY? 

D.  That  is  yet  to  be  determined.  And,  remember,  it  is  only  part  of  the 
ERDA  plan  to  broaden  our  domestic  resource  base.  We  must  diversify. 


XX 


G„  IS  OIVERSIFICATION  NECESSARILY  A CONSERVATION  MEASURE? 


G.  DO  YOU  PERCEIVE  ANY  BOTTLENECKS  TO  THE  IMPLEMENTATION  OP  NATIONAL 
pERGY' CONSERVATION,  DIVERSIFICATION  OR  ELECTRIFICATION? 

D,  Under  different  assumptions  about  what  the  economy  will  be  like  in 
the  future,  we  get  different  answers.  Hence,  we  are  not  sure  what 
bottlenecks  may  occur. 

PP.  Don't  any  of  the  leaders  of  government  and  industry  feel  guilty  about 
imposing  their  will  upon  the  public? 

GB  & E (in  unison).  We  give  the  people  what  they  want! 

D.  We  need  a national  policy  to  guide  the  decentralized  decisions  of 
people  and  firms.  Voluntary  conservation  actions  cannot  be  relied 
upon. 

PP.  How  do  you  know  what  is  good  for  society  in  general? 

D.  We  deal  with  many  groups  with  varied  objectives.  We  must  assess  the 
actions  in  terms  of  the  impacts  and  tradeoffs  associated  with  them. 
Then,  we  will  make  the  best  decision  with  the  available  information. 

PP.  What  do  you  think  the  best  decision  will  be? 

D.  WE  HOPE  THAT  THE  ECASTAR  GROUP  CAN  HELP  US  ANSWER  THAT  QUESTION.  . . 
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1.2.1  SUBSTITUTION  AND  ELASTICITY 

Consumers  of  energy  and  other  goods  and  services  combine  these  into 
bundles  which  act  as  inputs  to  their  consumption  activity.  This  is 
schematically  shown  in  Figure  1.2. 1.-1.  The  bundle  of  outputs  of  the 
activity  is  intangible.  Based  on  income  and  relative  prices  of  energy 
and  other  goods  and  services,  the  person  chooses  the  best  input  bundle. 

Producers  of  energy  and  other  goods  and  services  use  energy  and 
intermediate  goods  and  services  to  create  their  outputs.  This  is  shown 
in  Figure  1.2. 1-2.  They  also  choose  the  best  bundle  according  to  their 
available  funds  and  the  prices  of  their  inputs  and  outputs.  The  tech- 
nology of  the  consuming  and  producing  devices  is  an  important  determinant 
in  the  choice  problem  and  will  be  discussed  more  fully. 

Two  important  notions  in  the  decision-making  of  both  consumers  and 
producers  are  those  of  substitution  and  elasticity.  In  discussing  these, 
we  shall  refer  to  a general  decision-maker  (DM). 

If  available  funds  and/or  prices  change,  the  DM  will  generally  change 
the  chosen  bundle.  Substitution  can  simply  be  considered  as  a choice 
which  replaces  some  previous  choice.  In  essence,  scarcity  implies  substi- 
tutions, and  it  must  be  decided  at  which  level  they  must  be  made.  For 
example,  the  DM  may  substitute  energy  for  material  goods  or  services, 
energy  form  for  energy  form,  output  for  output  or  smaller  amounts  of  anything, 
for  previously  larger  ones.- 

Suppose  the  price  of  energy  is  allowed  to  increase  while  all  other 
prices  and  available  funds  stay  constant  relative  to  each  other.  Since 
energy  has  become  more  expensive,  the  DM  will  find  other  goods  and  ser- 
vices which  lower  the  amounts  of  energy  used.  A firm  may  use  more  labor 
to  replace  a fuel -related  energy-using  machine.  A consumer  may  replace 
a power  lawn  mower  with. a manual  one. 

The  degree  to  which  a DM  is  responsive  to  changes  in  prices  and 
available  funds  is  called  "elasticity."  Price  elasticity  measures  the 
ratio  of  a proportional  change  in  quantity  to  a proportional  change  in 
price.  Consider  the  example  of  a person's  weekly  consumption  of 
gasoline  when  the  price  goes  from  50^  to  60^  per  gallon  (see  Table  1.2. 1-1). 
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CHAPTER  I.  THE  POLITICAL  ECONOMY  OF  CONSERVATION 


The  discussion  of  Chapter  1 is  concerned  with  delinfating  a political 
economic  purview  of  energy  conservation  in  the  United  States,  The  concepts 
of  substitution  and  elasticity  are  distinguished,  and  further  distinctions 
are  made  between  short  run  price  elasticity,  cross  price  elasticity,  and 
available  fund  elasticity.  An  assessment  of  the  role  which  cost  factors 
can  play  in  conservation  is  given.  The  structure  of  the  petroleum 
industry  and  foreign  petroleum  resources  is  discussed.  Also  discussed 
is  the  role  of  government,  industry  and  the  consumer  with  the  economic 
sphere. 


1.1  INTRODUCTION 

A particularly  useful  aspect  of  the  systems  approach  is  that  nearly 
every  system  may  be  imbedded  in  a more  general  system.  The  “givens"  in 
the  smaller  system  become  variables  in  the  larger.  The  political  economy 
of  the  U.  S.  is  that  systan  which  allocates  the  resources  of  society 
through  the  forces  of  the  market  and  decree  of  the  government.  The  princi- 
pal agents  are:  the  citizens,  suppliers  of  resources  and  consumers  of 
final  goods  and  services;  the  firms,  consumers  of  resources  and  suppliers 
of  final  goods  and  services;  labor  unions,  protectors  of  the  rights  of 
workers;  and- the  government,,  the' overseer  'of  all  and  consumer  of  resources, 
goods  and  services.  ■ Contained  in  the  system  is  the  technological  purview 
of  the  researcher  and  engineer.  The  political  economy  takes  the  psycholo- 
gical and  social  motivations  of  the  people  as  constant.  Clearly,  an 
even  more  general  system  (e.g.,  anthropological)  would  consider  these 
as  variables. 

What  we  shall  consider  below  as  conservation  is  a part  of  the  overall 
energy  problem.  The  following  sections  describe  some  of  the  phenomena 
of  political  economy  which  have  particular  relevance  to  the  conservation 
analysis  undertaken  below. 


1.2  ENERGY  ECONOMICS 

In  this  subsection,  various  economic  concepts  that  appear  directly 
rel event  to  the  energy  problem  are  reviewed. 


FIGURE  1.2. 1-1.  NEW  APPROACH  TO  CONSUMPTION  (DEMAND) 


FIGURE  1.2. 1-2.  PRODUCTION  (SUPPLY) 
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TABLE  1.2. 1-1.  PRICE  ELASTICITY  OF  GASOLINE 


Price  of 
Gasoline 

Gasoline  Demanded  (qals./week) 

$ Expended  on 
Gasoline 

(<t/qal . ) 

Elastic  Inelastic 

Elastic 

Inelastic 

50(^ 

20  20 

10 

10 

60i^ 


10 


18 


6 


10.80 


In  the  elastic  case  (ratio  >1),  demand  was  cut  by  50%  when  prices 
were  raised  by  20%,  The  ratio  is  2.5.  The  inelastic  case  yields  a 10% 
quantity  change  for  a 20%  price  change.  The  ratio  is  .5.  Note  that  when 
prices  go  up,  expenditure  on  gasoline  generally  goes  down  in  the  elastic 
case  and  up  in  the  inelastic  case. 

Short  run  price  elasticities  for  gasoline  and  other  petroleum  products 
have  been  estimated  to  be  between  .2  and  .4_£hOUTAKKER-74].  Low  price 
elasticity  generally  implies  that  the  good  is  needed,  and  that  there 
are  few  or  no  substitutes.  Any  market  force  or  policy  that  raises  the 
price  of  such  a commodity  causes  its  consumers  to  spend  more  dollars  for 
slightly  smaller  amounts.  The  lower  income  groups  bear  a large  part  of 
the  burden. 

Cross  price  elasticity  measures  the  proportional  responsiveness  of 
the  quantity  of  one  good  to  changes  in  the  price  of  another.  An  example 
for  goods  that  are  complementary  is  a decrease  in  big  cars  purchased  as 
a result  of  high  gasoline  prices.  An  example  for  goods  that  are  substi- 
tutable is  an  increase  in  electric  blankets  bought  as  heating  oil  prices 
increase. 

Available  funds  elasticity  measures  the  relative  responsiveness  of 
the  quantity  of  a good  to  changes  in  the  amount  of  funds  available.  For 
most  goods,  assuming  prices  constant,  the  amounts  used  go  up  as  available 
funds  go  up.  This  has  important  application  in  the  current  recession.^ 

The  available  funds  of  many  consumers  and  producers  have  been  diminishing, 
both  in  terms  of  the  amount  of  dollars  (money  income)  and  their  purchasing 
power  (-"reaT"  income).  This  generalTy  means  that  consumption  of  a-Tl 
products  including  energy  will  go  down. 

Elasticity  is  also  important  in  measuring  the  relative  responsiveness 
of  quantities  of  goods  supplied  to  changes  in  their  prices.  Two  relevant 
examples  are  the  responses  of  oil  and  coal  companies  to  increased  prices 
of  their  outputs.  The  short  run  supply  elasticity  of  petroleum  products 
involves  the  companies'  operations  from  exploration  to  the  gasoline  pump. 
Implicit  also  are  rigidities  in  supplies  of  heavy  machinery,  plants, 
foreign  crude  supplies.  This  coefficient  was  assumed  approximately  1 
[AHC-75-,19]. 

Elasticity,  therefore,  is  an  important  gauge  in  measuring  the  effects 
of  certain  policies  that  alter  energy  prices  and  incomes.  It,  together 
with  the  phenomenon  of  substitution  mentioned  above,  gives  much  insight 
into  the  potential  reactions  of' market  forces  and  government  edicts. 


1.2.2  MARKET  STRUCTURE 


■ In  the  market  for  energy  products  (as  well  as  others),  the  question 
of  the  degree  of  competition  has  always  been  raised.  The  extreme  lack 
of  competition  occurs  when  there  is  a monopoly  in  a market.  If  there  are 
no  ready  substitutes  and  no  entering  firms  to  capture  shares  of  the  market, 
the  monopolist  will  exact  the  highest  price  that  its  customers  will  bear. 

If  it  can  discriminate  among  its  customers,  a monopolist  can  extract  still 
greater  revenues  from  them.  Electric  and  gas  utilities  are  regional 
monopolies  within  the  energy  industry.  Their  monopoly  power  is  held  some- 
what in  check  by  government  regulation.  It  is  well  known  that  utilities 
discriminate  among  customers  by  charging  lower  rates  for  larger  blocks 
purchased.  There  is  a current  movement  to  alter  this. 

Oligopoly  is  defined  as  a market  with  few  sellers.  Each  has  a great 
influence  on  prices.  These  firms  may  produce  the  same  or  slightly  differ- 
ent goods,  may  fight  by  price  or  advertising,  or  may  collude.  A cartel 
is  a form  of  collusion  in  which  the  parties  agree  to  restrict  output, 
charge  monopoly  prices  and  divide  monopoly  profits. 

For  much  of  the  last  25  years,  the  world  petroleum  market  has  been 
dominated  by  7 big  companies.  By  their  current  names,  they  are  British 
Petroleum,  Dutch  Shell,  Exxon,  Gulf,  Mobil,  Socal  and  Texaco.  The 
American  companies  dominated  the  domestic  scene.  The  big  7 dominated 
the  world  scene  and  succeeded  in  extracting  the  resources  of  Mideastern 
countries  for  little  payment.  Due  to  market  dominance  and  vertical 
integration  (from  wellhead  to  gas  pump),  there  was  no  real  concept  of 
market  price.  The  big  oil  companies  did  not  Initially  create  a formal 
company  cartel,  but  worked  closely  in  expanding  foreign  operations 
(sharing  risk  and  investments,  etc.). 

During  the  last  two  decades,  the  oil-rich  countries  began  to  accumu- 
late expertise  and  bargaining  power.  Using  independents  as  a wedge,  they 
continued  to  obtain  favorable  concessions  from  the  oil  companies  in  the  form 
of  taxes,  royalties  and  ownership.  In  1960,  OPEC  was  formed.  In  1970 
it  had  gone  from  an  organization  to  a cartel.  In  1973,  it  exercised  its 
cartel  power  against  the  U.  S.  and  other  developed  countries  which  had 
become  increasingly  dependent  on  OPEC  oil.  It  is  well  known,  however, 
that  the  ARAMCO  cartel  represents  an  international  collusion  of  oil 
companies  and  countries. 

High  world  petroleum  prices  and  low  Mideast  extraction  costs  have 
led  to  an  "inefficient”  allocation  of  resources  and  an” excess"  flow 
of  wealth  to  the  Mideast.  A breakdown  of  industry  data  for  January  1971 
and  January,  1974  is  given  in  Table  D. 2. 1-12  in  Appendix  D. 
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Horizontal  integration  of  oil  companies  into  other  sources  such  as 
coal  and  uranium  appears  likely  to  further  limit  competition  in  the  energy 
industry.  Coal  and  uranium  present  competition  to  oil  and  gas  and  have 
the  potential  for  lowering  their  prices.  They  generally,  however,  come 
to  the  consumer  in  the  form  of  electricity. 

Monopolies  and  oligopolies  in  the  energy  industry  usually  continue 
to  exist  at  various  stages  of  production  because  of  the  large  amounts  of 
capital  required  for  entry.  These  will  become  even  greater  as  less  attrac- 
tive sites  are  exploited.  The  hopes  for  increased  comoetition,  in 
the  sense  of  many  firms  striving  to  be  efficient  and  to  charge  lower  prices 
than  the  others,  are  dim.  The  retort  is  that  the  economies  of  scale  which 
accrue  to  bigness  are  beneficial  to  customers.  That  debate  is  beyond  the 
scope  of  this  report. 


1.2.3  AGGREGATE  FLOWS 

The  macroeconomic  aspects  of  energy  economics  are  schematically 
represented  by  the  Economic  Actions -Impacts  Flow  in  Figure  I.2.37I. 
Because  of  the  interdependence  of  the  sectors,  any  action  or  policy 
taken  in  one  arena  has  important  impacts  in  many  of  the  others.  The 
Residential /Commercial  sector  provides  labor,  other  services  and  money 
which  itself  and  other  sectors  use.  Industry  uses  the  goods  and  services 
of  the  other  sectors  to  produce  and  sell  its  outputs.  It  receives  money 
for  these  while  it  pays  itself  and  other  sectors  for  what  it  needs  from 
them.  The  Energy  Industry  uses  resources  and  other  products  and  services 
to  provide  fuels  for  direct  -use  and  el  ectrici-ty..  It.  receives  .payments 
for  this  activity  while  paying  other  sectors  for  their  resources,  goods 
and  services.  Transportation  does  basically  the  same  in  the  provision  of 
transportation  services.  The  Government  performs  services  with  monies 
collected  as  taxes.  It  also  purchases  goods  and  services  from  the 
private  sector.  Implicit  in  the  flow,  for  example,  are  the  markets  for 
specific  goods  and  services,  markets  for  specific  -types  of  labor  and 
markets  for  money.  From  them  come  prices,  wage  rates  and  interest  rates. 
These  in  turn  are  projected -to  the  micro  units  for  everyday  decisions. 

An  example  in  the  energy  industry  is  the  current  high  interest  rate 
structure  which,  with  inflation,  impedes  large  investments  by  utilities 
and  oil  companies. 

The  historic  relationship  of  energy  consumption  to  GNR  has  been 
strongly  positive.  Much  of  the  debate  over  the  "BTU  theory  of  value" 
is  related  to  the  question  of  whether  or  not  GNP  should  continue  to 
grow,  and  if  so,  can' energy  consumption  remain  constant?  Efforts  to 
affect  flows  to  and  from  the  energy  industry  have  significant  implications 
on  the  distribution  of  wealth  even  if  the  total  pie  remains  constant. 

As  mentioned  above,  real  income  erosion  has  important  regressive  effects 
in  itself.  The  controversy  between  President  Ford  and  Congress  is 
strongly  tied  to  this  issue. 


FIGURE  1. 2.3-1  ECONOMIC  ACTIONS- IMPACT  FLOW 
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Much  information  on  the  operation  of  the  macro-political  economy  is 
gotten  from  econometric  models  and  input-output  analysis.  This  report 
shall  defer  to  Project  Independence  [PI-74]  in  the  former  area,  but  will 
use  the  latter  to  draw  some  conclusions  about  conservation  actions. 


1.3  THE  ROLE  OF  GOVERNMENT 

Various  levels  of  government  have  been  closely  tied  to  the  energy 
sector  for  many  years.  Several  of  the  federal  agencies  involved  with 
energy  are  mentioned  in  Appendix  N.  Hosts  of  state  and  local  govern- 
ments and  their  agencies  have  jurisdiction  over  land  use,  public  utility 
pricing,  etc.  They  are  too  numerous  to  mention  here  by  pure  quantity, 
and  by  diversity.  It  is  not  clear  at  this  point  how  a centralized  energy 
plan  would  reconcile  itself  with  the  plethora  of  diverse  local  regulations 


An  important  fact  has  been  the  lobbying  power  of  the  giant  energy 
concerns.  Much  of  the  governmental  policy  has  been  swayed  by  those  who 
emphasized  the  importance  of  the  energy  supplies  to  an  industrially  growing 
nation. 

As  will  be  discussed  below,  the  President,  Congress  and  the  agencies 
previously  established  (FEA,  ERDA,  FPC,  etc.)  are  busy  with  proposals  to 
"solve"  the  energy  problem.  These  range  from  researching  the  electric 
car,  through  deregulation  of  oil  and  gas  prices  and  imposed  energy  effi- 
ciency standards,  to  forestalling  expansion  of  nuclear -power.  A list  of 
some  of  these  measures  is  given  tn  Appendix  N.  The  public'  officials 
are  anxious  to  develop  a consistent,  cohesive  energy  policy,  but  are 
concerned  over  the  potential  impacts.  It  is  the  hope  of  this  study  to 
provide  insights  into  these  areas. 

As  a final  statement  on  energy  industry  regulation,  it  should  be 
noted  that  the  three  major  factors  that  determine  profits  are  total 
revenue  from  sales,  total  costs  of  production  (fixed  capital  investments 
plus  variable  operating  costs  such  as  resource  costs,  wages,  interest, 
etc.)  and  constraints  on  the  operation  of  the  firms  (EPA,  SEC,  etc.). 

All  of  the  regulatory  actions  affect  the  revenue  and  cos'ts  of  the  energy 
firms.  The  recently  high  profits  of  the  oil  companies  and  the  decrease 
in  internal  financing  of  public  utilities  are  two  main  areas  of  concern 
for  policymakers. 


1.4  CONSERVATION  ACTION-IMPACT  FLOW 

As  seen  in  Figure  1 .2.3-1,  the  combination  of  market  activity  and 
government  regulation  presents  a very  complex  system.  Conservation,  as^ 
described  in  the  next  chapter,  presents  a broad  characterization  of  actions 
and  impacts  which  are  the  main  body  of  this  report.  Its  role  in  the  over- 
all action- impact  flow  is  examined  as  substitutes  and  complements  for  the 
status  quo  are  proposed.  The  group  shall  look  at  broad  direct  actions  of 
the  energy  subsystems,  subactions  that  comprise  these  broad  actions,  other 
important  actions  not  necessarily  belonging  to  the  broad  actions  and 
indirect  actions  which  are  called  impacts. 
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CHAPTER  2.  CONSERVATION:  TOWARD  FIRMER  GROUND 


The  particular  form  of  conservation  to  be  assessed  in  ECASTAR  is  that 
which  is  compatible  with  the  existing  economic  and  political  constraints 
in  the  U.  S.  today.  The  ECASTAR  form  of  conservation  relies  heavily  on  the 
market  place  and  well  understood  technology  to  cushion  the  social  shocks 
of  the  energy  problem.  This  is  by  no  means  the  most  powerful  form  conserva- 
tion actions  could  take.  ECASTAR  deals  principally  with  evolutionary 
changes  in  energy  use  to  achieve  conservation.  The  imposition  of  economic, 
political,  and  technical  constraints  based  on  actual  conditions  allows 
application  of  a systematic,  quantitative,  assessment  method  under  widely 
accepted  performance  criteria. 


2.1  CONSERVATION  HISTORY  AND  GOALS 

The  purpose  of  this  chapter  is  to  set  the  stage  for  an  assessment  of 
energy  conservation.  The  Introduction  to  ECASTAR  has  provided  a cross 
section  of  current  feelings  about  conservation.  In  this  chapter  conserva- 
tion will  be  placed  as  a component  of  a wide  ranging  multifaceted  energy 
policy.  A proper  definition  or  characterization  of  energy  conservation 
requires  a careful  review  of  its  history  of  successes  and  failures,  its 
current  priority  with  energy  users,  the  peculiarly  fleeting  aspects,  of  the 
opportunities  for  and  justifications  of  conservation,  and  the  state-of-the- 
art  limits  on  energy  savings. 

There  are  two  important  facts  in  the  history  of  economic-technical 
conservation.  The  first  is  that  in  an  era  of  stable  or  declining  real 
prices  for  energy  ('50's,  '60's)  significant  conservation  gains  have 
been  achieved  by  many  industries  and  many  energy  or  fuel  producers.  The 
second  is  that  while  energy  producers  and  industry  v/ere  practicing  effi- 
ciency, consumer  energy  use  was  being  pushed  up  by  rising  sales  of  energy 
intensive  goods  and  services.  The  time  profile  for  the  recent  history 
of  conservation  contains  three  major  periods.  The  first  is  the  period  of 
stable  or  declining  real  prices  of  energy  brought  about  by  government 
regulations,  expanding  supplies  and  economies  of  scale  or  efficiency. 

This  period  ended  in  the  late  '60's.  The  second  period  is  one  of 
gradually  increasing  energy  prices  due  to  general  cost  increases, 
government  regulations  on  pollution  and  health,  citizen  involvement 
in  environmental  decisions,  and  some  weakening  of  the  supply  picture. 

The  third  period  is  identified  with  the  1973  embargo  and  its  aftermath. 

It  is  characterized  by  escalation  of  energy  prices,  insecurity  of 
sources,  general  recession,  and  a broad-based  concern  for  a long 
range  energy  supply  and  consumption  policy. 
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Contrast  the  achievements  and  failures  of  unsupervised  energy  con- 
sumption in  the  two  examples: 

The  chemical  industry  has  reduced  its  energy  consumption  per 
pound  of  product  by  50%  from  1954  to  1971, 

The  electrical  utility  industry  has  been  forced  to  meet  an 
ever'  increasing  peak  load  problem  which  strains  their  capital 
resources  and  forces  the  use  of  inefficient  peaking  plants 
to  meet  consumer  demand. 

This  report  documents  many  other  cases  of  improvements  in  energy  utiliza- 
tion and  of  decreases  in  energy  effectiveness. 

A view  as  to  what  constitutes  conservation  is  dependent  upon  the 
history  of  energy  utilization  effectiveness  and  upon  the  conditions  of 
price  and  availability  existing  now  and  projected  into  the  future.  A 
large  group  of  conservation  actions  results  from  a history  of  wasteful 
and  inefficient  past  practices.  Even  the  definition  of  waste  is 
controlled  by  the  urgency  of  a need  for  fuel.  To  some,  our  lifestyle 
is  redolent  with  waste.  To  others  waste  is  leaving  coal  in  a mine  to 
prop  up  the  roof.  A third  view  is  that  it  is  a waste  to  use  one's  own 
resources  if  someone  else's  can  be  utilized  as  easily.  More  will  be 
said  of  this  three-way  view  of  conservation  in  the  section  to  follow  on 
modes  of  conservation  actions.  It  is  important  to  realize  that  all 
judgements  about  conservation  are  dependent  on  the  peculiar  features 
of  the  present  energy  situation  and  the  particular  decisions  in  the 
past  which  shaped  our  supply  and  consumption  patterns. 

Much  is  presently  being  said  about  setting  conservation  goals.  In 
particular,  many  efforts  are  being  made  to  encourage  conservation  actions 
without  mandating  them.  This  report  addresses  the  question  of  attain- 
able goals  in  considerable  detail.  A characteristic  of  current  conser- 
vation thinking  is  that  most  proposed  changes  involve  isolated  compo- 
nents or  sub-systems  of  the  larger  energy  supply  and  use  systems.  Little 
or  no  attention  is  given  to  assessing  sweeping  redesign  of  whole  energy 
utilization  systems  and  the  integration,  of  many  proposed  sub-systems 
into  larger  systons.  This  study  looks  at  significant  system  redesign  in 
the  cross-cut  examinations  of  (1)  a policy  of  electrification  of  the 
nation's  energy  use  and  of  (2)  a policy  of  diversifying  the  nation's 
energy  supply  as  widely  as  technology  and- economies  allow. 

Conservation  opportunities  and  needs  arise  out  of  the  context  of 
present  and  future  societal  operations.  The  choice  of  an  implementa- 
tion method  of  a conservation  goal  is  an  altogether  different  study  from 
that  of  identifying  targets  of  opportunity  for  correctable  waste.  In 
particular,  all  conservation  actions  must  be  assessed  from  the  point  of 
application  to  the  chain  of  raw  matericals  to  intermediate  products,  and 
through  to  consumer  activities.  There  is  good  reason  to  believe  that 
significantly  more  can  be  achieved  in  overall  impact  by  attacking  the 
end  uses  of  products  and  energy  instead  of  attacking  just  the  obvious 
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large  consumers  of  energy.  This  is  a point  of  crucial  importance  in 
formulating  policy  and  illustrates  the  combined  power  of  an  engineer- 
ing and  economic  systems  analysis. 

Some  examples  of  conservation  goals  which  industry  and  government 
see  as  attainable  are: 

A 20%  industry  wide  reduction  in  energy  per  unit  of  output  by 
1980  relative  to  1972. 

A 40%  improvement  in  automobile  gasoline  consumption  by  1980 
relative  to  1974. 

A 40%  reduction  in  energy  consumption  of  new  commercial 
buildings. 

A 20%  improvement  in  the  conversion  of  fuels  to  electricity 
{40%  raised  to  50%  conversion  efficiency)  by  1977. 

There  is  considerable  tension  between  government  and  industry  over 
establishing  even  voluntary  goals,  much  less  mandatory  ones.  There  is 
evidence  of  resistance  to  setting  goals  and  providing  data  to  evaluate 
attainments.  The  conflict  between  long-term  benefits  and  actions  which 
complicate  a product  or  weaken  market  potential  is  going  to  exist  for 
some  time.  Many  proposed' mandated  goals  are  double  the  industrial  goals. 
Consumer  action  goals  are  .also  being  considered,  both  voluntary  and 
mandatory. 


2.2  CONSERVATION  MODES 

Energy  conservation  can  be  divided  into  categories  that  include 
all  actions  which  affect  the  form  or  amount  of  energy  consumed  --  re- 
duced energy  consumption,  increased  efficiency  of  energy  utilization 
and  substitution  of  one  or  more  forms  of  energy  for  another  which  is 
in  shorter  supply  or  in  some  sense  thought  to  be  of  more  value. 

Reduced  consumption  affects  the  demand  side  of  the  energy  equation. 

It  can  be  effected  either  voluntarily  or  by  mandate.  In  either  case  it 
may  lead  to  changes  in  life  style  if  continued  over  an  extended  period, 
although  this  is  not  necessarily  the  case.  Reduced  consumption  may  be 
instituted,  even  if  the  supply  is  sufficient,  in  order  to  extend  its  life- 
time. Rationing  and  individual  efforts  to  reduce  expenditures  for 
energy  are  examples.  In  some  cases,  immediate  shortages  in  energy 
supplies  might  force  curtailment  of  consumptions  as  happened  during 
the  oil  embargo. 
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Of  all  of  the  modes  of  conservation  and  all  of  their  separate  means 
for  implementation,  conservation  by  reduction  of  final  demand  will  have 
the  strongest  effect  on  the  overall  economy.  Altering  the  size  of  final 
markets  alters  every  step  in  the  economic  chain  from  raw  materials  to 
intermediates  to  final  products.  Actions  in  this  area  must  be  carefully 
assessed  for  direct  and  indirect  effects  on  jobs  and  earnings.  Care 
must  be  exercised  to  allow  actions  to  produce  their  full  effect  before 
sudden  new  steps  are  taken. 

Increased  efficiency  of  energy  utilization  employs  technology  to 
increase  the  ratio  of  useful  output-  to  energy  input.  This  may  be 
viewed  as  obtaining  more  output  for  the  same  input^  or  th.e  same  output 
for  less  input.  Another  view  sees  increased  efficiency  as  matching 
the  quality  of  the  energy  input  to  the  task,  as  in  the  case  of  using 
low  quality  waste  heat  for  spacing  heating  or  hot  water  heating.  In 
the  past,  systems  have  been  designed  with  little  attention  paid  to  eff- 
ciency  because  of  the  abundant  supply  of  cheap  energy.  Thus  it  can  be 
expected  that  in  the  future  considerable  savings  may  be  realized  by 
redesigning  systems  such  that  optimum  efficiency  is  a criterion  of 
design.  Additional  savings  should  accrue  from  matching  of  quality  of 
energy  to  the  use  and  utilization  of  previously  discarded  waste  low 
grade  energy. 

The  third  means  of  energy  conservation  involves  substitution  of 
energy  forms  such  as  coal  or  nuclear  for  oil  or  gas.  In  a more  general 
sense  this  category  of  energy  conservation  can  be  realized  by  resource 
substitution  at  any  point  in  the  production  or  utilization  sequence. 

Some  examples  of  substitutions  that  might  result  in  energy  savings  are; 

Labor  for  machinery 

Recycleable  material  for  non-recycl eable  material 

Non-energy  intensive  material  for  energy  intensive  material 

Renewable  energy  source  for  a non-renewable  one  (solar  for  oil) 

The  industrial  era  is  characterized  by  a transition  from  using  renewable 
energy  sources  to  the  use  of  non-renewable  stored  sources.  A reversal  of 
this  trend  holds  promise  for  large  savings  of  non-renewable  energy 
sources . 

A point  which  should  be  emphasized  is  that  conservation  is  motivated 
by  some  or  all  of  the  following: 

A conservation  ethic  or  moral  commitment  to  conservation 

Economic  necessity 

Legislative  decree  or  other  government  action 

A further  discussion  of  these  motivating  factors,  as  applied  to 
the  modes  of  conservation,  will  be  found  in  the  succeeding  chapters. 
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2.3  CONSERVATION  ACCOUNTING  - CRITERIA 

Acceptable  conservation  actions  are  those  which  meet  certain  criteria. 
Rather  than  these  being  absolute  criteria,  they  are  relative  to  conditions 
at  the  time,  past  history  and  projections  of  future  needs.  The  view  of 
the  present  and  future  is  dependent  on  the  recognition  of  the  constraints 
on  possible  actions  and  on  a body  of  feeling  called  conventional  wisdom. 
One  of  the  goals  of  assessment  is  to  examine  conventional  wisdom  and  put 
a systematic  structure  into  arguments  pro  and  con.  A component  of  an 
assessment  is  the  application  of  the  constraints  to  those  actions  deemed 
attractive  with  a view  to  changing  the  focus  of  the  constraints  if  there 
are  benefits  to  doing  so.  Constraints  and  conventional  wisdoms  are 
described  in  other  sections  of  this  chapter. 

Some  major  criteria  are  listed.  The  result  of  actions  must  satisfy 
these  if  the  actions  are  to  be  classed  as  conservation. 

The  modes  of  conservation  discussed  iji  Section  2.2  'included  curtail- 
ment of  demand,  substitution,,  and  increased  efficiency.  In  today's  con- 
dition with  uncertainties  about  reserves  and  technology  some  of  the 
criteria  are: 

Imported  oil  is  "more  valuable"  than  domestic. 

Natural  gas  is  "more  valuable"  than- domestic  oil. 

Oil  is  "more  valuable"  than  coal  for  stationary  uses. 

Oil  has  no  substitute  for  transportation  uses. 

Low  sulfur  fuels  have  an  undetermined  premium  over  high  sulfur 

f u el  s . 

Coal  is  "less  valuable"  than  almost  any  other  source. 

Most  other  criteria  depend  on  subjective  ranking  of  political  and 
social  goals.  These  criteria  apply  simply  to  substitutions  of  fuels. 

The  idea  is  that  conservation  actions  guard  the  more  valuable  fuel  form. 

It  is  already  apparent  in  this  short  list  that  present  conditions  and 
intentions  are  not  rigorously  compatible  with  these  criteria.  There  is 
national  conflict  of  opinion  over  the  level  of  importation  of  oil. 

Natural  gas  is  treated  differently  depending  on  whether  it  is  compared 
to  domestic  or  imported  fuels  and  whether  it  is  controlled  by  federal 
regulation.  The  obvious  great  value  of  oil  is  tied  to  the  large  trans- 
portation demand.  However,  the  smooth  functioning  of  a refinery  dictates 
that  products  other  than  transportation  fuels  must  be  produced.  This 
precludes  reserving  even  this  one  fuel  to  its  unique  use.  The  same 
contradiction  exists  in  the  uses  of  natural  gas. 
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Net  Energy  Reduction  Criterion 

In  the  area  ot  curtailing  danand  for  energy  or  products  in  the  hope 
of  reducing  energy  consumption,  any  criterion  must  carefully  specify  the 
accounting  boundary  in  determining  if  net  reduction  in  energy  use  has 
been  achieved.  The  goal  of  achieving  a net  benefit  by  some  action  dir- 
ected at  reducing  consumption  is  immediately  suspect  in  that  the  economic 
repercussions  may  be  larger  than  can  be  controlled.  There  are  many  ways  of 
defeating  a criterion  requiring  a net  energy  use  reduction.  One  way  is  if 
an  activity  replaces  that  curtailed  which  is  more  energy  intensive  or 
contributes  more  demand  in  another  area  leading  to  a net  increase  in  energy 
consumption.  As  an  example  suppose  demand  for  clothing  is  reduced  by 
making  clothes  last  longer.  On  the  surface  this  saves  energy  in  the  energy 
intensive  natural  or  synthetic  fibers.  It  also  saves  some  money  for  the 
consumer.  Almost  everything  the  consumer  might  do  with  his  savings  leads 
to  more  energy  consumption  per  dollar  and  generates  fewer  jobs  per  dollar. 
Just  paying  taxes  is  15%  more  energy  consuming  than  buying  men's  clothes. 
[Hammon~75] 

It  is  not  clear  that  a criterion  requiring  an  action  to  generate  a net 
energy  reduction  can  ever  be  checked.  Without  further  specification  of 
actions  initiated  after  the  given  action  there  is  no  way  of  guaranteeing 
that  the  net  effect  is  known.  This  raises  the  spector  that  the  only  way 
of  reducing  energy  usage  by  changing  demand  is  to  guarantee  total  demand 
is  reduced,  and  that  the  changes  of  each  activity  are  weighted  by  their 
respective  energy  intensiveness, 

A net  energy  criterion  can  be  developed  to  measure  the  value  of 
efficiency  changes.  It  is  still  essential  to  define  a boundary  within 
which  all  derivative  effects  are  accounted  for.  In  particular,  the 
simplest  type  of  action  leaves  the  output  of  a process  unchanged  and 
makes  only  modifications  or  minor  substitutions  to  the  process  itself. 

In  this  case  there  is  little  chance  that  the  total  energy  accounting 
on  all  the  imbedded  energy  will  differ  much  between  the  two  processes. 
Therefore  a comparison  of  easily  measured  purchased  energy  will  deter- 
mine if  net  savings  have  been  achieved.  A related  parameter  is  the  energy 
payback  period  of  an  action.  Many  advanced  technologies  and  system  re- 
designs will  take  some  time  to  return  the  energy  of  manufacture  and 
installation.  No  uniform  criteria  exists  on  payback  of  energy. 

Strict  net  energy  accounting  can  be  applied  to  simple  substitutions 
of  materials,  components,  or  subsystem  with  a view  to  increasing  efficiency. 
There  are  no  simple  criteria  to  evaluate  the  full  system  substitution  or 
strategy  substitutions.  In  assessing  a major  systems  change,  for  example 
a portable  fuel  alternative  to  petroleum,  the  impacts  would  be  so  wide- 
ranging  that  conservation  could  not  carry  enough  weight  to  be  decisive. 

Only  narrowly  defined  actions  can  be  successfully  assessed  with  respect 
to  a few  sharp  criteria.  The  larger  actions  will  require  impacts  and 
modeling  of  the  whole  picture  of  economic  and  social  changes  for  assess- 
ment. 
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One  of  the  principle  uses  of  criteria  is  in  evaluating  actions.  The 
alternatives  must  be  closely  matched  as  to  level  of  action,  boundaries  for 
derivative  effects,  and  factors  to  be  held  constant.  Otherwise  it  is  not 
reasonable  to  compare  them  to  each  other  or  to  some  objective  criterion. 
There  are  not  very  many  instances  of  true  alternatives  among  the  actions 
assessed  in  this  report.  Thus  our  criteria  sets  are  specialized  by 
sector  and  other  variables.  Not  many  of  the  criteria  are  general.  The 
obvious  one  of  net  energetics  is,  as  pointed  out  above,  either  difficult 
to  define  or  of  relatively  small  influence. 

The  subject  of  performance  criteria  deserves  careful  research.  There 
are  many  fruitful' problems  which  when  elaborated  would  contribute  to 
national  understanding  and  national  policy  on  energy  and  energy  conserva- 
tion. Further  discussion  of  criteria  is  found  in  Chapter  3 and  Appendix 
C . 


Economic  Criteria 


In  the  class  of  economic  criteria  two  simple  ones  are  to  minimize 
initial  cost  or  minimize  life  cycle  costs.  The  conservation  oriented 
criterion  is  life  cycle  costs.  For  those  activities  in  which  fuel  costs 
are  a large  share  of  operational  costs,  it  probably  follows  that  reducing 
operating  costs  reduces  fuel  consumption.  The  same  caution  that  applied 
to  net  energetics  applies  here.  Careful  definition  of  the  boundaries  of 
the  system  and  the  level  of  inputs  and  outputs  is  needed  in  order  to  make 
comparisons.  With  respect  to  first  costs  it  is  important  to  define  the 
criteria  on  rate  of  recovery  of  conservation  oriented  investment.  The 
attitude  today  is  that  conservation  investments  must  recover  their  costs 
faster  than  other  types  of  investment  to  be  attractive.  Similar  attitudes 
exist  toward  environmental  protection  steps.  The  attitude  is  that  they 
should  be  expensed  very  rapidly  or  otherwise  subsidized.  A controversy 
exists  about  whether  attractive  investments  in  conservation  will  be  made 
at  all  if  there  is  no  restriction  on  passing  through  energy  costs.  Cri- 
teria which  measure  some  "good",  like  net  energetics  or  minimum  life  cycle 
costs,  do  not  of  themselves  dictate  actions. 

Technical  Criteria 

The  role  of  tecKntcal  cr•iterlc^,  such,  as  tliose  tn  existence  or  some 
which  might  be  defined  to  reflect  peculiarities  such  as  form  value  of 
fuels  or  declining  reserves,  is  not  clear.  The  realities  of  the  present 
situation  are  that  little  attention  is  paid  to  technical  recommendations. 
For  example,  much  more  attention  is  directed  at  nuclear  safety  uncertain- 
ties than  to  the  impact  of  low  utilization  of  nuclear  energy  on  coal  use 
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and  related  pollutants.  Similarly,  many  attempts  are  being  made  to  raise 
taxes  on  all  phases  of  utility  operation  and  to  increase  government  and 
public  influence  in  their  expansion  planning  regardless  of  the  impact  on 
the  consumers  energy  bill.  Little  attention  is  given  by  decision  makers 
to  other  technical  questions  such  as  maintaining  an  orderly  atmosphere 
for  planning  and  to  preventing  supply  oscillations  by  properly  accounting 
for  lead  times. 

In  summary,  the  important  criteria  are  those  actually  used.  Chapter  3 
addresses  the  problem  of  defining  and  validating  new  technology-based  cri- 
teria. More  general  areas  for  new  criteria  arise  in  the  combination  of  im- 
pact analysis  with  the  systems  approach.  In  general,  the  assessment  must 
show  tolerable  impacts.  It  is  not  possible  to  decide  tolerable  impacts  in 
the  abstract.  These  will  emerge  in  situations  where  assessment  will  lead 
directly  to  decisionanot  just  to  a study  result. 


2.4  A METHOD  TO  OVERCOME  OBSTACLES 

Energy  conservation  is  one  of  many  highly  prominent  topics  today. 

It  has  certain  features  which  complicate  the  organization  of  discussion, 
problem  formulation,  analysis,  and  decision  making.  The  features  include: 

Direct  personal  impact  on  everyone 

Impact  on  life  style,  income,  security,  aspirations 

Connections  to  the  "they"  in  life:  big  government,  big  business, 
big  politics 

Involvement  of  known  and  speculative  science  and  technology 

Large  scale  involvement  of  environmental,  safety  and  health 
issues 

Elements  of  the  infinite:  whole  nation,  whole  world,  all  time 

Appeal  to  moral  and  ethical  standards 
An  element  of  crisis 

The  transient  nature  of  opportunities  to  correct  the  system. 

These  features  produce  a reaction  that  can  be  described  as  conventional 
wisdom.  This  body  of  partitioned  thinking,  plus  the  status  quo  with  respect 
to  existing  laws,  regulations,  investments,  and  job  spectra,  constitutes 
the  source  of  a priori  constraints  on  planning  for  conservation.  We  argue 
here  that  it  is  not  possible  to  construct  a broad  balanced  view  to  aid 
planning  by  compounding  the  narrow  views  embodied  in  conventional  wisdom. 
Also,  it  is  impossible  to  plan  effectively  if  the  a priori  constraints  are 
not  identified  at  the  outset. 
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A method  must  be  found  and  applied  which  transcends  the  prejudgment 
characteristic  of  conventional  wisdom,  identifies  alternate  courses  of 
action  compatible  with  a priori  constraints,  evaluates  their  actions,  and 
assesses  their  impacts  in  terms  of  a posterion  constraints  and  criteria. 

An  important  element  of  an  evaluation  leading  to  concrete  decisions  (not 
just  to  a "study  conclusion")  is  that  the  final  criteria  must  spell  out 
tolerable  limits  to  compromises  in  the  solution.  A characteristic  of 
the  conventional  wisdom  is  that  it  is  intolerant  of  compromise. 

To  illustrate  some  of  the  conventional  wisdoms,  some  points  of  view 
and  tentative  counters  to  them  are  listed. 

Conservation  ij;  good.  What  if  it  causes  unemployment,  decrease 
in  productivity  and  wages,  or  results  in  more  energy  intensive 
activities? 

There  is  a semi -infinite  source  of  economic,  safe  energy  accessi- 
ble  except  for  some  solvable  technicaV  problems.  Technology  has 
been  wrong  or  failed  to  deliver  with  increasing  frequency.  The 
scale  of  associated  problems  and  impacts  is  growing  faster  than 
the  scale  of  the  technology. 

Conservation  measures  can  be  instituted  individually.  This 
ignores  the  facts  of  interfuel  competition  and  the  ripple  effect 
of  changes  throughout  the  economy. 

Conservation  measures  should  be  mandated.  Even  gradually  initiated 
mandatory  actions  create  dislocations  which  seem  to  cry  for  more 
action  but  must  be  accepted  for  some  time  to  assess  their  size  and 
impact. 

Conservation  can  alleviate  the  energy  crisis  without  decreasi ng 
national  prosperity.  The  embargo  and  changing  car  buyer  attitudes 
clearly  indicate  that  reduced  demand  either  voluntarily  or  invol- 
untarily will  slow  growth  and  impede  recovery. 

Conservation  and  environmental  costs  should  be  interna 1 ized. 

Major  industries,  utilities,  and  consumers  actively  resist 
accepting  either  type  of  cost.  Decision  makers  fear  the  re- 
action of  constituents  should  these  costs  be  assessed. 

Conservation  can  be  achieved  by  gradual  alteration  of  present 
energy  use  patterns.  There  are  much  greater  potentials  in  full 
redesign  of  the  energy  system  by  beginning  transitions  now  before 
supplies  restrict  options.  No  mechanism  exists  in  government  for 
accomplishing  a system  redesign  of  any  major  system.  No  method 
exists  for  assessing  large  scale  social  engineering  before  the 
fact. 
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The  elements  of  a method  for  formulating  a problem,  such  as  that  of 
finding  a workable  approach  to  energy  conservation,  are  directed  by 
establishing  a starting  point  and  a set  of  rules.  The  starting  point  is 
the  objective  plus  a set  of  requirements.  The  rules  are  constraints  {a 
priori  and  a posteriori)  and  criteria.  The  operation  of  the  method  is  to 
assign  weights  to  alternative  implementations  of  the  requirements  and  to 
document  the  consequences  of  combining  the  alternatives  according  to  the 
different  weights. 

The  method  must  combat  the  destructive  tendencies  toward  comparing 
actions  or  Impacts  of  different  order,  failure  to  agree  on  a weighting 
system,  failure  to  search  for  any  alternative,  failure  to  examine  con- 
seqiiences  and  impacts  in  like  detail  before  comparing  alternatives,  and 
failure  to  search  out  negative  impacts  with  the  same  diligence  of  imagination 
applied  to  positive,  impacts . 


CHAPTER  3 . ECASTAR  SYSTEMS  APPROACH 


The  methodology  of  ECASTAR  is  presented  and  a discussion  of  the 
application  of  technology  to  energy  conservation  is  given.  The 
ECASTAR  methodology  constitutes  an  overview  and  blueprint  for  the  analysis 
of  energy  conservation  actions. 

3.1  THE  METHOD 


3.1.1  THE  SYSTEMS  APPROACH 

The  methodology  for  the  ECASTAR  study  was  based  on  a systems  approach 
to  develop,  display  and  characterize  the  problem  of  energy  conservation. 

A number  of  tools  were  used  in  conjunction  with  the  systems  approach 
employed.  The  primary  tools  were  — INPUT/OUTPUT  ECONOMIC  ANALYSIS,  NET 
ECONOMICS  and  NET  ENERGETICS.  These  tools  are  discussed  in  3.3  and  3.4. 

This  section  outlines  the  systems  approach. 

Figure  3. 1.1-1  indicates  a display  of  the  systems  approach  process. 

The  process  can  be  divided  into  four  phases. 

Phase  I - The  definition  of  the  objective  and  constraints 
and  criteria; 

Phase  II  - The  establishment  of  the  requirements  necessary 
to  meet  the  objective; 

Phase  III  - The  determination  of  possible  alternatives  to  the 
requirements; 

Phase  IV  - The  tradeoff  (analysis/synthesis)  where  tools  such  as 
decision  theory,  input/output  and  other  assessment 
techniques  are  employed  to  select  a final  strategy, 
plan  or  device  to  satisfy  the  objective. 

This  approach  permits  each  phase  to  be  a separate  sub-system  study,  and 
this  is  illustrated  in  Figure  3. 1.1 -2.  The  figure  shows  the  requirement 
of  a systems  approach  display  as  the  objective  of  a sub-systems  approach 
display.  This  resolution  can  be  continued  further  resulting  in  a sub 
sub-system  approach  display  for  the  requirement  of  the  sub-system  approach 
and  so  on  until  each  piece  of  the  problem  becomes  tractable.  Each  requirement 
of  the  systems  approach  study  can  be  resolved  as  illustrated  in  Figure  3. 1.1-2. 
Analysis  of  each  of  the  elements  displayed  through  this  resolution  is  carried 
out  at  the  sub  and  sub  sub-system  levels.  The  results  of  the  sub  sub-systems 
approach  studies  are  combined  at  the,  next  higher  level  in  an  integration 
process.  This  process  is  repeated  until  the  original  systems  approach 
level  is  reached  and  the  systems  approach  process  continues  to  a conclusion. 


OBJECTIVE  OF  SUBSYSTEM 

STUDY  IS  REQUIREMENT  OF  SYSTEM  STUDY 


FIGURE  3. 1, 1-2.  SUBSYSTEM  APPROACH  DISPLAY 
FOR  SYSTEMS  APPROACH 


3-3 


The  words  or  terms  objective,  requirement,  alternative,  constraint, 

criterion  and  trade-off  as  used  herein  are  characterized  as  follows: 

( 

objective  — the  function  that  the  system  or  strategy  must 
perform  or  accomplish 

requirement  — a partial  need,  stated  in  generic  form,  to  satisfy 
the  objectives; 

alternative  — one  of  many  ways  to  satisfy  a requirement; 

constraint  — limitation  within  the  framework  of  the  study; 

criterion  — desired  feature  of  a system  or  strategy; 

trade-off  — applying  selection  criteria  and  constraints  to 

choose  the  combination  of  alternatives  to  meet  the 
objective.  The  trade-off  process  often  requires 
the  application  of  many  other  techniques  such  as 
technology  assessment. 

Constraints  and  criteria  deserve  discussion  since  these  terms  constitute 
the  category  of  statements  that  govern  trade-off.  The  identification  of 
constraints  and  criteria  is  a problem  to  the  systems  approach  practitioner. 
These- terms  are  discussed  in  the  next  section. 


3.1.2  CONSTRAINTS  AND  CRITERIA 

Constraints  and  criteria  were  established  by  the  group.  Some  were 
established  a priori , while  many  others  were  identified  during  the  course 
of  the  study.  These  terms  are  discussed  as  follows: 

Constraints 

In  a very  general  way  constraints  are  existing  limitations  of  a study. 
They  are  part  of  the  status  quo.  Something  becomes  a constraint  on  a 
proposal  when  it  interferes  with  that  proposal  being  acted  upon. 

It  is  quite  reasonable  and  perhaps  instructive  to  classify  constraints 
in  accordance  with  their  degree  of  inviolatibility. 

Logical  Constraints 

The  first  class  of  constraints  might  best  be  referred  to  as 
logical.  Embodied  in  every  thought,  action,  decision  or  judg- 
ment is  a set  of  pre-judgmental  presuppositions  which  determine 
in  a strictly  logical  sense  the  validity  and  consistency  of  a 
decision.  One  can  propose  inconsistent  actions,  but  one-cannbt 
expect  them  to  reach  fruition. 
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Empirical  Constraints 

Empirical  constraints  are  determined  by  the  limits  of  theoretical 
or  scientific  possibility.  There  are  a set  of  natural  laws  which 
limit  in  a very  definitive  manner  the  kinds  of  ways  in  which  a 
problem  can  be  approached.  The  kinds  of  proposals  which  empirical 
constraints  would  be  expected  to  check  are  epitomized  by  sugges- 
tions of  perpetual  motion  machines  and  devices  which  would  show 
net  energy  gains.  A characteristic  shared  by  logical  and  empir- 
ical constraints  is  their  virtual  immutibility.  Practically 
speaking,  they  delineate  absolutely  a boundary  to  possible 
action;  they  tell  what  cannot  oe  done  under  any  circumstances. 

Technological  Constraints 


Perhaps  no  empirical  impediments  exist  which  would  seemingly 
preclude  the  possibility  of  an  action,  but  the  action's  impos- 
sibility may  still  be  a fact  simply  because  of  the  lack  of 
technological  sophistication. 

It  is  true  that  the  limits  of  technological  possibility  change 
over  time.  A breakthrough  today  makes  yesterday's  impossibility 
a reality.  Technological  constraints  are  not  absolutely  fixed; 
they  depend  on  specific  time  frames.  It  is  clear  that  the 
temporal  length  of  specific  technological  constraints  can  be 
changed  depending  upon  several  factors  including  the  degree  of 
interest  shown. 

Institutionalized  Constraints 


Institutionalized  constraints  include  social,  political,  economic 
and  legal  aspects  of  the  current  situation  in  the  United  States 
and  the  world.  Expectations  and  aspirations,  styles  of  life  and 
income  distributions,  voting  habits,  political  apathy,  corporate 
policy,  governmental  policy  at  all  levels,  and  preparations  for 
the  Nation's  bicentennial  all  contribute  to  the  overall  back- 
ground of  constraints.  By  their  very  nature,  institutionalized 
constraints  change.  To  effect  conservation,  some  institutional 
constraints  must  change.  Not  so  obvious  is  what  needs  changing. 


Cri teri a 


Unlike  constraints,  criteria  reflect  desired  rather  than  existing 
features  of  a system.  And  in  some  important  respects  relevant  criteria 
can  be  identified  before  engaging  in  an  analysis  of  the  problem.  Criteria 
are'  not  strictly  a priori;  several  may  emerge  once  study  of  the  problem  is 
commenced.  A statement  of  criteria  indicates  a desired  or  sought  condition 
as  opposed  to  constraints  which  indicate  an  existing  or  anticipated  limiting 
condition. 
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One  of  the  important  classes  of  criteria  and  constraints  which  needs 
to  be  considered  in  any  evaluation  of  an  action  or  society  as  a whole 
includes  both  human  and  social  factors.  Perhaps  the  best  reasons  for 
dealing  with  this  area  are  moralistic  and  humanitarian.  There  is  a growing 
public  concern  and  level  of  awareness  for  the  development  of  new  technologies. 
Some  of  this  concern  has  been  negative.  Some  concerns  have  effectively 
impeded  if  not  halted  progress  in  some  areas.  Technically  sound  programs 
failed  to  take  account  of  human  attitudes,  fears  and  interests.  Thus,  in 
the  past  decade  a number  of  programs  which  had  excellent  potential  for 
improving  the  current  energy  situation  have  been  set  back.  Extravagant 
impediments  were  encountered  in  the  Alaskan  pipeline  program,  and  in 
virtually  every  nuclear  generating  project  increasingly  stricter  licensing 
difficulties  continue  to  develop.  An  abundance  of  these  problems  might 
have  been  avoided  or  at  least  anticipated  had  human  factors,  that  is,  atti- 
tudes toward  the  environment  and  concern  for  public  safety,  been  taken 
into  account.  Of  course,  attitudes  change  or  develop  in  response  to  a 
given  situation  and  it  is  not  always  possible  to  anticipate  human  factors. 
Thus,  the  economist,  technologist  and  sociologist  face  a dilemma  when 
looking  to  the  future,  even  if  a systems  viewpoint  is  adopted. 

Constraints  and  Criteria  in  Trade-off 


Unquestionably,  there  can  be  significant  clashes  between  criteria  and 
constraints.  For  example,  the  energy  costs  of  recycling  metals  of  almost 
every  kind  is  far  less  than  that  of  mining,  transporting,  and  refining  metal 
bearing  ores.  An  obvious  conservation  action,  therefore,  is  to  improve 
recovery  methods  and  increase  the  reprocessing  of  discarded  and  unused 
metals.  But  this  action  encounters  a constraint.  The  Interstate  Commerce 
Commission  (ICC)  which  regulates  the  freight  prices  charged  by  railroads 
provides  for  a price  structure  which  directly  corresponds  to  the  market 
value  of  a good  being  transported.  The  price  established  for  recycled 
metals  is  accordingly  higher  than  it  is  for  ores,  so  much  so  in  fact  that 
economic  incentives  to  the  refinery  for  utilizing  recycled  materials  are 
relatively  low.  Even  the  most  general  criteria  indicate  the  desirability 
of  decreasing  the  overall  amount  of  energy  used,  but  ICC  policy  interferes 
with  these  criteria.  A new  action,  therefore,  seems  indicated:  a change 

in  ICC  policy.  The  clash  occurs  between  the  constraint  (i.e.,  present 
policy)  and  the  criteria  (i.e.,  to  reduce  energy  consumption  at  the 
refinery).  In  this  hypothetical  situation,  the  recognition  of  the  constraints 
as  an  impediment  comes  only  after  the  action  has  been  proposed.  Engaging 
instances  of  this  type  arising  at  every  level  of  action  make  the  context 
of  discovery  for  constraint-criteria  clashes  very  interesting. 
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3.2  APPLYING  THE  METHOD 


3.2.1  SYSTEMS  APPROACH  DISPLAY 

The  ECASTAR  group  applied  the  systems  approach  to  the  topic  of  energy 
conservation.  The  group  constituted  an  information  system  that  collected 
data,  processed  the  data  using  the  systems  approach  and  displayed  the 
results  in  this  report.  The  group  collected  data  through  seminars,  reports 
and  telephone  calls.  There  were  interactions  with  at  least  180  individuals, 
corporations,  institutes,  universities,  government  groups  and  others  during 
the  11  week  period.  The  seminars  are  summarized  in  Appendix  M. 

The  display  of  the  energy  conservation  problem  as  viewed  by  the  group 
is  seen  in  Figure  3. 2. 1-1.  This  figure  illustrates  that  energy  conservation 
can  be  viewed  at  different  hierarchal  levels.  The  highest  level  is  at  the 
national  policy  level.  If  one  assumes  that  the  nation  has  adopted  a policy 
of  energy  conservation  then  there  must  be  a strategy  for  implementing 
conservation  measures.  Figure  3. 2. 1-1  shows  this  concept  in  terms  of  a 
systems  approach  display.  Several  requirements  are  shown  as  necessary  to 
develop  a strategy.  Some  of  these  requirements  are  an  assessment  of  the 
potential-  for  energy  conservation  and  the  impacts  of  the  conservation  actions, 
institutions  to  develop  and  implement  conservation  actions,  money  to  finance 
and  sustain  conservation  actions  and  a management  group  to  manage  or 
administer  the  conservation  strategy.  Other  requirements  are  also  necessary 
but  unidentified.  Each  of  these  requirements  has  a number  of  alternatives. 
Those  alternatives  were  not  selected  by  the  ECASTAR  group.  Instead, 

ECASTAR  studies  the  first  requirement  for  the  strategy.  This  requirement 
has  been  the  sub-system  study  objective,  to  assess  the  potential  for  and 
impacts  of  various  energy  conservation  actions.  This  objective  and 
associated  requirements  and  sub  sub-system  studies  were  the  focal  point  of 
the  ECASTAR  study.  Figure  3. 2. 1-1  shows  the  systems  approach  display  and 
indicates  in  abbreviated  form  the  objectives,  requirements  and  alternatives 
thought  necessary  to  develop  a systematic  understanding  of  energy  conserva- 
tion. The  blueprint  for  the  study  is  embodied  in  Figure  3.2. 1-1  and  ECASTAR 
follows  the  blueprint.  ECASTAR  does  not  pretend  to  be  a complete  study' 
of  energy  conservation  but  does  try  to  show  a way  to  view  energy  conserva- 
tion. 


3.2.2  ECASTAR  TEAM 

The  ECASTAR  team  was  composed  of  the  twenty-one  faculty  cited  earlier. 
They  organized  themselves  in  task  groups  and  elected  task  group  leaders 
and  a project  leader  three  times  during  the  course  of  the  11  weeks  so  that 
there  were  three  sets  of  leaders.  Each  set  served  for  approximately  1/3 
Of  the  11  weeks  in  successive  terms.  Figure  3. 2. 2-1  shows  the  task  group 
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organization  and  indicates  the  "cross-cut”  task  groups  developed  during 
the  last  1-/3  of  the  time.  These  "cross-cut"  groups  examined' the  issues  of 
electrification,  diversification  with  respect  to  energy  sources,  citizens' 
actions  for  energy  conservation,  and  evaluated  impacts  for  some  specific 
energy  conservation  actions  under  the  heading  National  Energy  Conservation. 
In  addition,  one  "cross-cut"  group  developed  an  integrated  examination  of 
energy  conservation  actions,  in  the  energy  industry-,  residential /commercial , 
transportation  and  industrial  sectors  of  the  U.  S. 


3.2.3  STUDY  PHASES  AND  OBJECTIVES 

The  .'ECASTAR  study  was  conducted  in  two  phases  --  the-  Systems  Design 
Phase  and  Strategy  Phase.  ■ 


System  Design  Phase 

The  objective  of  this  phase  was  to  -identify  conservation  actions, 
assess  these  actions,  and  perform  limited  systems  integration  of  the  actions 
with  feedback  to  the  objective.  The  energy  system  was  divided  into  four 
sectors  — energy  industry,  industry,  transportation  and  residential/ 
commercial.  Conservation  actions  were  developed  for  each  sector.  The 
actions  ranged  from  material  changes  to  substitutions  of  new  sub  and  sub 
sub-systems  as  well  as  altered  operational  procedures  and  altered  use 
patterns  in  each  sector. 

The  actions  in  the  systems  design  phase  are  classed  initially  as 
conservation  if- the  principle  effect  is  In  one- of  three  categories  — 
efficiency,  substitution  for  more  valuable  fuels  or  curtailment  of  demand. 

It  is  important  to  remember  that  the  phrase  "principle  effect"  is  qualified 
by  the  need  for  a thorough  assessment  to  determine  if  the  action  does 
lead  to  energy  conservation. 

The  actions  by  sectors  generally  are  defined  narrowly  andare  technical 
or  economic  in  nature.  Thus,  highly  refined  constraints  and  criteria  are 
not  essential.  Furthermore,  the  number  of  actions  was  by  necessity  limited 
to  a few  in  each  sector  which  again  did  not  lead  to  a'vlist  of  highly  refined 
criteria. 


Strategy  Phase 

The  objective  of  this  phase  was  to  identify  sets  of  existing  proposed 
or  imminent  energy  conservation  policy  actions  having  a large  potential 
for  conservation.  These  sets  which  cross  the  sector  boundaries  constitute 
the  strategies  of  electrification,  diversification,  and  national  energy 
conservation.  The  strategies  were  assessed  as  completely  as  possible 
within  time  and  resource  constraints. 
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The  time  frames  for  the  strategies  are  roughly  consecutive.  National 
energy  conservation  is  a near  term  (1975  to  1985)  strategy,  electrification 
is  a mid  term  (1985  to  2000)  strategy  with  the  potential  for  being  far  term, 
and  diversification  is  far  term  (2000  and  beyond).  These  sets  of  actions 
display  essentially  all  possible  modes  of  conservation.  Electrification  is 
almost  a direct  outgrowth  of  near  term  substitution  and  has  real  potential 
for  efficiency  improvement.  This  is  based  on  the  potential  associated 
with  substitution  of  one  activity  in  a sector  for  another  by  using  electricity 
from  a central  station.  The  potential  increases  of  efficiency  with  elec- 
trification and  the  use  of  waste  heat  are  considered.  Diversification 
is  long  term  substitution  of  one  form  of  energy  source  for  another. 
Diversification,  ma.v  be  necessary  even  in  an  ultimate  energy  economy  such  as 
an  economy  based  on  fusion.  Diversification  reduces  the  dependence  of  an  economy 
on  one  source  of  energy  and  the  expenditure  of  capital  on  one  energy  source. 
Diversification  may  lead  to  new  export  opportunities.  National  energy 
conservation  addresses  the  near  term  and  includes  all  modes  of  conservation. 

This  strategy  builds  on  recent  history  of  intensive  energy  consumption 
using  scarce  fuels.  The  strategy  is  proposed  by  some  as  an  alternative  to 
deregulation  of  fuels  in  the  U.  S. 


3.2.4  CONSTRAINTS  AND  CRITERIA 

The  constraints  and  criteria  of  the  study  are  numerous.  Some  are 
obvious,  while  others  are  subtle  and  recognized  only  after  completion  of 
the  study.  Many  others  are  tacitly  agreed  upon  and  not  listed.  This  section 
presents  a partial  listing  and  characterization  of  some  of  the  constraints 
and  criteria.  The  list  is  given  in  two  forms  — statements  of  constraints 
and  criteria  and  questions  embodying  constraints  and  criteria. 

Some  of  th^constraints  and  criteria  are  more  flexible  in  their 
application  than  others.  This  flexibility  depends  on  the  ranking  given 
to  a constraint  or  criteria.  The  lower  the  ranking  is,  the  greater  the 
flexibility.  The  ranking  is  a reflection  of  the  importance  society  gives 
to  the  technical,  social,  economical,  environmental,  legal  and  political 
constraints  and  criteria.  An  inflexible  statement  of  a constraint  is  that^ 
actions  must  not  be  unconstitutional.  A flexible  but  highly  ranked  criterion 
or  set  of  criteria  relate  to  "life  style".  The  energy  problem  is  a threat 
to  current  life  style  and  hence  this  threat  becomes  a motivator  for  energy 
actions  that  permit ■ "life  styles"  to  improve  or  lead  to  minimal  degradation. 
This  criterion  or  set  of  criteria  places  the  government  and  the  citizens  at 
odds  when  government  tries  to  act  for  the  common  good,  since  any  action 
has  potential  for  depriving  one  group  to  benefit  another.  Government  tries 
to  obviate  the  adverse  effects  on  a group  through  rewards,  subsidies,  or 
other  compensatory  programs  or  plans.  The  statements  and  questions  relative 
to  constraints  and  criteria  can  be  listed  under  generic  categories  and 
stated  generally.  Each  general  statement  or  question  leads  to  more  specific 
statements  or  questions.  The  ECASTAR  group  has  not  developed  an  exhaustive 
list  of  specifically  stated  constraints  and  criteria  in  an  explicit  manner. 
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Rather,  the  constraints  and  criteria  are  implicitly  contained  in  the  tenor 
and  writing  of  the  report.  Chapter  2 contains  the  large  scale  constraints 
on  the  subject  of  conservation. 

The  following  is  a list  of  statements  and  questions  relative  to 
constraints  and  criteria: 

Statements 


The  study  shall  be  confined  to  the  U.  S.  economy  but  interactions 
with  foreign  economies  shall  not  be  neglected. 

Federal  and  state  laws  germane  to  energy  conservation  must  be 
considered.  Those  laws  or  regulations  blocking  a beneficial 
conservation  action  must  be  noted.  If  the  proposed  energy 
conservation  action  is  not  unconstitutional,  then  consideration 
should  be  given  to  recommending  a change  in  the  law/s  and/or 
regulation/s. 

Existing  and  proposed  energy  conservation  efforts,  economic, 
technical  and  social,  within  the  legislative  and  executive 
branches  of  State  and  Federal  government  must  be  considered. 

Parties  at  interest  to  energy  conservation  should  not  be  overlooked. 
Identification  of  those  who  gain  and  those  who  lose  must  be 
included  in  the  study.  Losses  must  be  minimized. 

Present  energy  conservation  actions  in  industry  must  be  considered. 
ECASTAR  proposed  actions  must  not  lead  to  sudden  disruptions  in 
the  industrial  sector.  The  disruptions  of  primary  interest  are 
productivity,  employment  and  dislocations  of  business  and  industries. 

"Life  style"  changes  must  be  determined  for  any  anticipated 
energy  conservation  action.  "Life  style"  changes  should  be 
minimized  as  much  as  possible  if  the  change  means  a degradation 
of  "life  style".  Furthermore  any  change  in  "life  style"  should 
be  orderly. 

Capital  requirements  must  be  determined  for  anticipated  actions 
and  the  selection  of  actions  must  be  financially  feasible. 

Financial  feasibility  should  be  considered  in  terms  of  U.  S. 
gross  national  product  projections  and  capital  reformation. 

Energy  conservation  actions  must  consider  energy  resources  availa- 
bility. Fossil  resources  should  be  conserved  using  the  following 
priority  — gas,  oil,  coal. 


All  proposed  energy  conservation  actions  must  be  evaluated 
in  terms  of  a net  energy  savings. 

All  energy  conservation  actions  must  consider  environmental 
impacts  and  these  impacts  must  be  minimal. 

The  time  frames  for  energy  conservation  should  be 

near-term  1975-1985 

mid-term  1985-2000 

far-term  2000  - 

These  time  frames  are  stated  on  the  fact  that  (1 ) energy  systems 
are  currently  projected  to  1985  with  reasonable  certainty,  (2) 
energy  conservation  of  immediate  impact  must  be  accomplished 
starting  now  and  continuing  through  the  present  U.  S,  energy 
transition  period,  (3)  the  mid-term  recognizes  that  any  changes 
of  the  U.  S.  energy  system  beyond  1985  must  be  planned  now  and 
those  changes  will  probably  "buy  time"  for  major  changes  based 
on  technology  around  the  year  2000. 

Questions 

Does  the  action  increase  jobs,  increase  economic  activity,  lower 
costs,  pay  for  itself,  increase  profits,  stabilize  energy  supplies 
to  the  individual  user,  prolong  usefulness  of  investment, 
encourage  new  investment,  remove  inconvenience,  create  a sense 
of  security,  enhance  life  style? 

Does  the  action  satisfy  the  needs  for  fuel  in  specialized  forms, 
save  certain  fuels  not  necessarily  BTU's,  impact  immediately  or 
in  the  very  near  term  (e.g.,  0 to  3 years),  decrease  dependence 
on  unstable  supplies,  increase  supplies,  prevent  profiteering, 
level  supply  with  time,  recognize  resource  limitations  in  making 
fuel  choices,  increase  environmental  strain,  increase  perception 
of  danger,  decrease  uncertainty  about  technical  and  economic 
feasibility  of  options,  subsidize  technical  or  economic  performance, 
recognize  geo-political  factors  in  fuel  sources  or  fuel  choices, 
distribute  shortages  equitably,  increase  direct  efficiency, 
reduce  unnecessary  end-use,  penalize  selected  end-uses  and  end- 
use  patterns,  satisfy  legal  constraints  or  achieve  variance? 

Does  the  action  optimize  the  system,  solve  the  problem  instead  of 
altering  it,  save  energy  and  other  resources  on  a net  energetics 
basis,  remove  potential  sources  of  a future  energy  problem, 
preserve  economic  and  technical  incentives,  preserve  economic  and 
technical  strength  for  future  major  redesign  of  the  energy 
system,  establish  a foundation  of  knowledge  and  experience  in 
advanced  technology,  preserve  economic  strength  to  meet  major 
social  demands,  promote  development  of  industries  and  infra- 
structures less  sensitive  to  fuel  form  and  supply,  increase  the 
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stability,  flexibility,  and  adaptability  of  the  energy  system, 
provide  for  the  transition  to  the  next  generation  of  fuels  and 
uses,  increase  reliable  options,  allow  for  alleviation  and 
solution  of  problems  of  urbanization,  distribute  unavoidable 
impacts  equitably? 

Some  of  the  user  criteria  questions  relate  to  supplies  of  special 
fuels  which  depend  on  supplies  of  large  volume  products  or  supplies  for 
non-fuel  purposes  or  specialized  end-uses.  Natural  gas  is  singled  out 
immediately  as  having  special  non-fuel  end-uses,  and  specialized  clean 
fuel  uses.  Aviation  fuels  depend  on  the  production  in  parallel  of  other 
transportation  fuels  which  in  turn  depend  on  the  production  of  unspecialized 
products  like  heating  oil  to  compensate  seasonal  demand.  Some  inhouse 
electrical  generation  which  indirectly  saves  oil  or  gas  in  turn  depends  on 
the  need  for  coke  and  has  attendant  pollution  problems. 

In  summary  there  are  few  if  any  strictly  technical  or  strictly  time 
independent  criteria  in  the  energy  system  or  in  conservation.  It  will 
take  some  time  and  a totally  new  approach  of  imposing  systems  thinking  to 
mold  the  energy  system  by  engineering  criteria.  All  the  engineering 
notions  of  optimization  interact  with  higher  ranked  economic  and  social 
criteria  and  always  will. 


3.2.5  REQUIREMENTS  AND  IMPACTS 

The  requirements  for  the  systems  approach  of  energy  conservation  were 
identified  for  the  objectives  of  each  phase  of  the  study  and  these  require- 
ments in  turn  became  objectives  for  sub-system  approach  studies.  The 
requirements  for  the  sub-systems  approach  studies  became  objectives  of 
sub  sub-system  approach  studies  and  so  on.  Figure  3. 2. 1-1  indicates  the 
hierarchy  of  the  studies.  Figure  3.2. 5-1  gives  a total  display  of  the 
process  used  in  ECASTAR  and  the  requirements.  One  sub -cl ass  of  requirements 
for  energy  conservation  means  or  actions  is  tangible  in  nature.  These 
requirements  with  others  constitute  the  fabric  of  the  three  strategies 
examined.  The  materials,  capital  and  labor  requirements  are  usually  the 
tangible  requirements  of  key  interest  in  a study.  The  magnitudes  of 
these  requirements  determine  the  impacts  of  the  proposed  actions  on  society 
and  the  economy.  Impacts  give  rise  to  "bottlenecks"  in  achieving  the 
actions  and  help  society  decide  if  the  action  or  actions  are  worth  the 
costs.  ECASTAR  develops  some  of  the  requirements  through  to  the  impacts 
as  an  example  of  what  can  be  done  to  assess  energy  conservation. 


3.2.6  TRADE-OFF 

In  a program  with  the  goal  of  a single  product,  alternatives  are 
examined  and  a set  selected  which  is  optimal  in  terms  of  the  criteria. 
ECASTAR  contains  some  examples  of  trade-offs  but  by  far  the  greater  emphasis 
is  placed  on  other  assessment  methods. 
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3.2.6  INTEGRATION 

A particularly  important  feature  of  a mixed  system  is  its  integration 
with  other  major  technical-social -economic  systems.  In  a pure  systems 
design  the  integration  is  almost  assured  because  of  the  many  stages  of 
trade-off  and  feedback  as  the  system  is  built  up  from  the  component  level 
to  sub-system  levels  ultimately  to  the  systems  level.  In  dealing  with 
a scenario  or  strategy,  there  are  similar  large  systems  acting,  such  as  the 
environment.  The  integration  is  not  done  in  the  small  iterated  construc- 
tion steps  but  is  left  for  the  last  step.  This  is  not  to  say  that  scenarios 
and  strategies  could  not  be  constructed  from  iterated  sub-systems.  It  is 
just  the  fact  that  they  are  usually  arrived  at  from  different  perspectives. 
In  particular,  each  is  imbedded  in  the  present  situation  v/hich  contains  very 
little  in  the  way  of  well -integrated  sub-systems. 

Integration  is  important  in  assuring  that  the  system  has  those  features 
which  are  more  than  numerical  performance.  Such  features  are  stability, 
adaptability,  interface  to  systems  to  come,  and  optimization  in  qualitative 
areas. 


3.2.7  FEEDBACK 

The  iterative  feature  of  the  systems  approach  has  already  been  referred 
to  in  a previous  section.  There  is  another  sense  to  feedback  v/h1ch  is 
related  to  requirements  and  to  integration.  The  requirements  are  neutral 
couplings  of  sub-systems  on  a very  deep  level.  The  integration  process 
implied  other  sub-system  interactions.  The  last  sense  of  feedback  to  be 
mentioned  is  that  interaction  between  sub- systems  through  variable  character 
istics  of  the  sub-system.  The  residential /commercial  and  transportation 
sectors  do  far  more  than  interact  through  energy  supplies.  They  do  far 
more  than  meet  at  the  curb  or  property  line.  One  sub-system  determines 
many  of  the  performance  criteria  of  the  other  sub-systems.  Many  of  these 
feedback  topics  are  addressed.  For  example,  how-, does  the  number  of  vehicles 
determine  the  placement  and  grouping  of  dwellings?  How  does  the  avail- 
ability of  gaseous,  liquid,  or  solid  fuels  determine  population  distribution 
manufacturing,  consumer  preferences?  It  is  these  large  scale  specific 
feedbacks  by  sectors  which  are  the  prime  motive  for  the  strategy  phase  of 
ECASTAR. 
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3.3  INPUT-OUTPUT  ANALYSIS 

The  ECASTAR  group  sought  to  examine  energy  conservation,  potentials, 
and  impacts  from  as  broad  a perspective  as  possible.  The  group  was  con- 
cerned that  energy  conservation  was  being  viewed  in  too  narrow  a context. 

Many  studies  have  failed  to  investigate  possible  impacts  on  the  industrial 
or  national  level  due  to  preoccupation  with  the  specifics  of  a conservation 
action.  Preoccupation  with  one  specific  action  prevents  a clear  total 
■picture  of  energy  conservation  in  its  many  forms.  The  potentials  for 
conservation  remain  ambiguous. 

Input-output  analysis  was  seen  as  a tool  which  would  allow  the  group 
to  evaluate  the  multiple  impacts  of  either  a specific  conservation  action 
or  a set  of  actions  occurring  simultaneously  in  an  economy.  The  tool  was 
modified  in  a way  that  would  permit  the  tracing  of  both  labor  and  energy 
flows.  Thus  an  action  which  originated  in  one  industry  but  impinged  on 
all  industries  could  be  systematically  monitored.  One  novel  use  of  the 
analysis  was  in  the  identification  of  conservation  targets  of  opportunity. 

The  pinpointed  "targets"  were  intermediate  interindustry  product  flows  which, 
while  not  being  large  in  terms  of  dollar  flows,  were  nonetheless  large  in 
terms  of  BTU  flows. 

Input-output  analysis,  in  conjunction  with  ECASTAR's  systems  orienta- 
tion, was  successfully  utilized  in  forming  a blueprint  of  assessing  jointly 
conservation  in  industry,  transportation,  residential/commercial , and 
energy  supply ^sectors.  This  included  identifying  conservation,  potentials, 
assessing  the  impacts  of  conservation  actions,  and  displaying  the  trade- 
offs which  inevitably  occur. 

The  group  constructed  the  ECASTAR  energy  input-output  matrix  and  used 
it  to  investigate  the  positive  and  negative  aspects  of  impacts  on  the 
economy  resulting  from  a conservation  action  or  set  of  actions.  The  model 
uncovered  material  bottlenecks,  potential  labor  shortages,  and  effective 
conservation  actions.  The  results  of  the  input-output  analysis  are  presented 
in  Chapters  8 through  11. 

In  preparation  for  these  later  discussions  which  use  input-output 
analysis,  an  explanatory  description  of  the  tool  is  presented..  The 
appendix  to  this  section  describes  the  procedure  in  more  detail  (see  C.3.2). 

In  1967,  total  output  from  the  primary  metals  industry.  Standard  Industrial 
Classification  Code,  SIC  code  31,  amounted  to  a little  over  $52  billion.  Of  that 
total,  only  two  and  a half  billion  dollars  made  its  way  directly  tO'  final 
product  markets.  By  far  the  majority  of  this  industry's  output  was  purchased 
as  an  intermediate  product  by  other  industries.  What  would  happen  if  out- 
put from  primary  metals  decreased?  Almos.t  surely  such  an  occurence  would 
have  serious  repercussions  throughout  the  economy  — primarily  by  affecting 
production  in  other  industries.  Clearly,  the  ability  to  trace  systemati- 
cally the  impacts. resulting  from  a change  in  interindustry  transactions 
becomes  an  important  tool  of  analysis. 
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Input-output  analysis,  I-O,  is  a technique  which  permits  a formal 
analysis  of  industry  sales  and  purchases.  In  this  section  attention  will 
be  directed  to  a brief  introduction  to  the  technique.  The  application  of 
this  method  of  analysis  to  assessing  impacts  of  conservation  actions  will 
be  presented  in  Appendix  C.3.Z. 

To  highlight  the  salient  features  of  I-O  consider  the  following 
economy.  In  this  economy  there  are  only  three  producers;  mining,  manu- 
facturing, and  agriculture.  Final  markets  consist  of  sales  to  consumers 
and  the  government. 


The  sales  by  any  producer  can  be  found  by  reading  across  the  rows 
in  Table  3.3-1.  For  example,  the  manufacturing  industry  produces  total  out- 
put equal  to  50  units.  Of  that  total,  20  units  are  sold  to  the  mining 
industry,  20  units  are  purchased  by  manufacturing  itself,  5 units  are 
sold  to  agriculture,  and  5 units  are  sold  directly  in  final  markets.  A 
firm's  total  output  must  be  apportioned  between  sales  to  other  industries 
and  sales  to  final  markets.  Table  3.3-1  is  frequently  called  a transaction 
matrix.  Normally  units  are  expressed  in  dollars.  Incidentally,  gross 
national  product,  GNP,  is  the  sum  of  sales  to  final  markets.  In  this 
example  GNP  would  be  35,  GNP  is  not  equal  to  the  sum  of  total  outputs, 

150.  That  sum  involves  considerable  double  counting.  Other  useful 
information  can  be  distilled  from  the  transactions  matrix. 

Rather  than  reading  across  a row  to  find  the.  sales  of  a producer 
focus  on  the  entries  in  any  column.  Take  the  column  headed  by  manu- 
facturing. If  one  divides  each  entry  in  that  column  by  the  total  output 
for  manufacturing  one  obtains  what  are  called  the,  direct  requirements  for 
producing  one  dollar  of  manufacturing  total  output.  For  this  example 
these  are  shown  in  Table  3.3-2. 

The  numbers  have  the  following  interpretation.  To  produce  $1  of 
manufacturing  output  the  industry  requires  30  cents  of  input  from  the 
mining  industry,  20  cents  of  its  own  product,  and  30  cents  from  the 
agriculture  industry.  These  inputs  account  for  80  cents  of  the  dollar 
of  output.  The  remaining  requirements  are  allocated  to  value  added  — 
primarily  employee's  compensation  and  return  on  capital. 

The  direct  requirements  table  conveys  information  which  ranks  the 
relative  importance  of  all  inputs  which  are  used  in  production.  Notice 
also  that  for  the  manufacturing  industry  to  produce  a dollar  of  output 
for  final  demand  the  output  from  the  manufacturing  industry  must  be  at 
least  $1.4Q.  Why?  Because  4Q  cents  of  every  dollar  of  total  output 
from  that  industry  is  itself  used  as  an  input  in  the  production  process. 

While  it  has  not  been  stressed  note  that  there  are  also  direct 
requirements  for  the  remaining  industries.  For  example,  to  produce 
a dollar  of  total  output  in  mining  requires  an  input  from  mining  of 
20  cents.  To  be  able  to  provide  30  cents  of  output  to  manufacturing 
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TABLE  3.3-1.  SALES  BY  PRODUCERS:  A TRANSACTIONS  MATRIX 


Producers 

Mining 

Producers 

Manufacturing 

Agriculture 

Final 

Market 

Total 

Output 

Mining 

10 

15 

5 

20 

50 

Manufacturing 

20 

20 

5 

5 

50 

Agriculture 

5 

15 

20 

10 

50 

TABLE  3.3-2.  DIRECT  REQUIREMENTS  FOR  MANUFACTURING 

Units:  dollars  of  input  per 

dollar  of  total  output 

Manufacturing 


Mining 

.3 

Manufacturing 

.4 

Agriculture 

.3 
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mining  must  produce  output  greater  than  30  cents  because  like  the 
manufacturing  industry,  mining  uses  some  of  its  own  output  in  its  pro- 
duction process.  Thus,  there  are  a whole  network  of  indirect  requirements 
underlying  the  direct  requirements  table.  Total  requirements,  direct 
and  indirect,  are  usually  also  presented.  The  computation  of  entries  ■ 
in  that  table  are  more  complex.  This  description  is  given  in  Appendix 
C. 


Once  the  direct  requirement's  matrix  has  been  computed,  a variety 
of  questions  can  be  asked  and  evaluated.  For  example,  if  the  output 
from  primary  metals  were  reduced  by  10%,  one  could  a)  determine  which 
industries  would  not  be  able  to  meet  their  final  demands,  b)  determine 
which  industries  would  be  impacted  first,  and  c)  determine  what  the 
gap  between  previous  and  current  total  output  would  be  and  how,  by 
substitution,  etc.  to  narrow  the  gap.  In  another  example,  one  could 
assume  that  growth  In  all  sectors  amounted  to  4%.  Given  the  new  output 
levels  and  final  demands  would  there  be  sufficient  quantities  of  all 
inputs,  including  energy,  to  satisfy- these  new  levels? 

Analysis  can  also  proceed  on  non-dollar  dimensions  — if  total 
labor  and  energy  (in  BTU's)  requirements  are  known  for  all  industries. 

The  crucial  assumption  needed  in  shifting  from  dollar  flows  to  labor 
or  BTU  flows  is  that  the  direct  coefficients  remain  fixed.  This  is 
the  usual  assumption  in  input-output  analysis.  An  energy  I-O  matrix 
can  be  very  useful.  For  example,  such  a matrix  would  enable  one  to 
trace  through  the  impacts  of  energy  usage  due  to  shifts  in  final  demand 
or  due  to  specific  conservation  measures  like  increasing  energy  utili- 
zation efficiencies.  Shortfalls  in  energy  may  uncover  bottlenecks  and/ 
or  opportunities  for  conservation  which  may  have  been  overlooked.  Energy 
impacts  may  well  be  different  for  labor  and  dollar  impacts.  Thus,  for 
any  action  considered  it  becomes  necessary  to  examine  what  happens  to 
interindustry  transactions  and  final  demand  in  terms  of  BTU,  labor,  and 
dollar  dimensions. 


3.4  ENERGY  PERFORMANCE  CRITERIA:  NET  ENERGETICS  VERSUS  NET  ECONOMICS 

The  ECASTAR  group  recognized  that  one  criterion  for  judging 
energy  systems  in  terms  of  conservation  is  efficiency.  This  section 
represents  a summary  of  the  ideas  expressed  in  Appendix  C.4  of  this 
report.  The  interested  reader  is  directed  there. 
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Efficiency  is  defined  as  the  ability  to  produce  a desired  effect 
with  a miniinum  of  effort,  expense  or  waste.  Effort  indicates  the 
thermodynamic  input  to  an  energy  system.  Energy  efficiency  will  be 
considered  both  in  terms  of  the  First  and  Second  Laws  of  thermodynamics. 

The  First  Law  states  that  energy  in  the  total  system  is  neither  gained 
nor  lost;  it  merely  changes  form.  The  Second  states  that  during  any 
process,  energy  degrades.  In  other  words,  the  available  energy  or 
useful  work  capable  of  being  extracted  from  an  energy  stream  is  less 
than  what  is  available  in  an  idealized  sense.  First  Law  efficiency 
can  in  general  be  characterized  by  ratios  of  energy  out  (BTU)  to  energy 
in  (BTU). 

The  latter  two  quantities  are  determined  by  the  actual  forms  of 
the  inputs  and  outputs  of  the  process,  and  the  process  itself.  If 
one  were  to  establish  a true  energy  accounting  system  in  a First  Law 
sense,  one  would  account  for  all  energy  "embodied"  in  all  the  materials 
involved  with  the  process  and  the  direct .energy  for  the  process.  With 
the  use  of  input-output  analysis  described  in  the  preceding  section,  it 
is  possible  to  approximate  the  direct  and  indirect  energy  Inputs  to  a 
process.  The  application  of  the  broadest  First  Law  efficiency  criterion 
is  termed  "net  energetics". 

Net  energetics  accounts  for  initial  energy  use  (the  analog  of 
initial  dollar  cost),  life  cycle  energy  use  (the  analog  of  life  cycle 
dollar  costs)  and  the  embedded  energy  in  manufacturing  and  raw  materials 
including  energy  thrown  away  in  production  and  transportation. 

Second  Law  efficiency  can  be  characterized  by  the  ratio  of  the 
minimum  available  work  theoretically  necessary  to  generate  an  output 
to  the  available  work  actually  consumed  in  its  generation.  The 
application  of  the  Second  Law  could.be  important  to  an  energy  accounting 
system.  This  application  is  left  to  future  study.  Much  work  is  needed 
to  evaluate  energy  systems  in  these  terms.  The  implications  of  Second 
Law  efficiency  on  the  nature  of  the  U.  S.  energy  system  as  a segment  of 
the  overall  economy  are  thought  to  be  significant.  However,  net  energetics 
shall  be  limited  to  first  law  effeciency  in  the  sequel. 

In  contrast  to  accounting  In  thermodynamic  terms  is  the  more  popular 
accounting  in  dollar  terms.  Two  types  of  efficiencies  will  be  discussed. 

The  first  is  called  first-cost  efficiency.  An  energy  system  is  relatively 
efficient  in  this  sense  if  it  has  the  smallest  initial  cost  of  implementation 
out  of  a set  of  alternatives.  The  second  is  life  cycle  cost  efficiency. 

Life  cycle  cost  combines  first  cost  with  the  discounted  flow  of  expected 
energy  costs  over  the  life  of  the  system.  An  energy  system  is  deemed 
life  cycle  cost  efficient  if  it  has  the  smallest  life  cycle  cost  out  of 
a set  of  alternatives. 

Related  to  the  attempt  to  minimize  effort  or  expense  is  the 
concept  of  waste.  One  might  consider  waste  as  the  measure  of  how  much 
effort  and  expense  a process  uses  over  its  respective  minimum.  The 
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problem  of  identifying  waste  may  be  reduced  to  evaluating  alternate 
inputs  to. the  process  or  to  evaluating  the  size  and  character  of  the 
rejected  streams  of  energy  and  materials.  One  principal  reason  for  ' 
actual  efficiencies  never  matching  theoretical  ones  is  that  the  constraints 
of  time,  materials,  money  and  markets  determine  the  system's  operating 
point.  Within  the  system,  there  are  various  forms  of  waste  that  may  be 
identified.  They  are  not  all  inclusive  nor  mutually  exclusive.  They 
are  mentioned  to  depict  some  important  problem  areas.  One  can  consider 
outright  energy  waste  as  that  consumption  which  can  be  stopped  with  little 
or  no  expenditure  of  labor,  capital  or  other  costs.  Systems  waste  may 
flow  from  the  types  of  production  and  consumptive  devices  which  employ 
energy,  the  forms  in  which  energy  inputs  are  utilized  and  the  failure  to 
take  into  account  the  recycling  potentials  of  the  components  of  the  system's. 
Some  of  these  may  be  easily  correctable,  but  others  may  entail  a complete 
restructuring  of  present  systems. 

The  three  criteria  for  energy  systems  choices  may  be  compared 
intheir  application  to  conservation  actions.  The  status  quo  con- 
tains energy  systems,  and  any  move  to  substitute  alternate  systems 
must  be  assessed.  Some  actions  may  be  efficient  in  a first-cost 
sense  but  not  according  to  the  other  two.  Actions  efficient  in  the 
life-cycle  sense  are  not  necessarily  first-cost  and  energy  effic- 
ient. Energy  efficient  actions  may  be  unattractive  in  -both  the  first- 
cost  and  life-cycle  cost  sense.  It  is  felt  that  the  degree  to  which 
the  three  criteria  are  not  consistent  is  the  function  of  a faulty 
mapping  between  units  of  energy  and  dollars.  This  is  in  part  due  to 
the  fact  that  energy  prices  do  not  reflect  the  true  value  of  these 
resources  to  society  in  terms  of  their  worth  to  consumers,  the  exter- 
nalities associated  with  their  use,  and  the  approach  of  some  of  them 
to  their  ultimate  limits. 

As  mentioned  in  Chapter  1,  conservation  implies  substitutions 
at  various  levels  of  society.  The  performance  criteria  help  to 
evaluate  these  substitutions.  Appendix  C contains  the  application 
of  these  criteria  to  both  broad  and  specific  conservation  actions 
discussed  in  the  sequel.  If  is  hoped  that  the  discussion  in  the 
appendix,  coupled  with  the  pioneering  work  at  the  Center  for  Advanced 
Computation  at  the  University  of  Illinois  and  Research  Triangle,  Inci 
in  North  Carolina,  will  provide  policymakers  with  a new  view  of  ef- 
fective energy  conservation  actions. 
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3o4J.  EFFORT  OR  ENERGY  MEASURES 

The  energy  measure  which  is  most  often  used  when  evaluating  the  per- 
formance or  setting  goals  for  technological  improvement  of  engines,  appliances, 
industrial  processes  etc.  is  energy  efficiency  which  arises  from  the  First  Law 
of  thermodynamics.  The  First  Law  may  be  stated  asr  Energy  can  be  neither 
created  nor  destroyed,  but  only  converted  from  one  form  to  another.  First 
Law  energy  efficiency  is  a comparison  of  the  useful  energy  output  of  a process 
or  system  to  the  energy  input  necessary  to  obtain  that  desired  output.  Thus 
an  increase  in  energy  efficiency  can  be  thought  of  as  a decrease  in  the 
amount  of  energy  (effort)  necessary  to  produce  a desired  output. 

When  making  comparisons  between  alternate  ways  of  performing  an  activity 
or  setting  a goal  for  that  activity  in  terms  of  energy  efficiency  the  defini- 
tion of  the  specific  situation  must  alv/ays  be  carefully  stated.  That  is, 
the  efficiency  that  is  being  referred  to  must  be  defined  relative  to  a 
system  and  a process.  There  are  many  efficiencies  that  can  be  defined  for 
a given  system  and  the  choice  of  which  to  use  often  1s  the  deciding  factor 
of  whether  the  system  performance  appears  to  be  good  or  bad.  For  example, 
when  referring  to  the  efficiency  of  a power  plant,  a qualifying  statement 
must  be  made  as  to  whether  the  energy  input  is  taken  to  be  the  raw  fuel 
energy  in  or  the  heat  input  to  the  working  fluid  at  the  boiler.  Likewise, 
the  point  of  measurement  and  form  of  the  energy  output  must  be  stated.  It 
is  the  electricity  at  the  bus  bars,  electricity  delivered  to  end  use,  or 
total  energy  out  of  the  system  consisting  of  electricity  plus  the  heat 
energy  out  in  the  cooling  water.  This  concept  must  also  be  kept  in  mind 
when  specifying  standards  of  performance  or  desired  increases  in  performance 
and  when  comparing  two  energy  using  systems  or  devices.  An  example  is  the 
setting  of  a goal  of  1^1  increase  in  efficiency  for  a specific  type  of 
energy  using  consumer  product.  The  definition  of  efficiency  must  be  cast 
in  terms  of  specific  statements  as  to  v/hat  the  input  and  output  energies 
are  and  how  they  are  to  be  measured. 

The  First  Law  of  thermodynamics  states  that  all  forms  of  energy  are 
equivalent  in  that,  when  one  form  of  energy  disappears,  an  equal  quantity 
in  another  form  appears.  The  First  Law  makes  no  attempt  to  designate  whether 
or  not  a system  or  process  is  ideal  or  to  specify  the  direction  the  process 
must  take.  For  all  systems  the  First  Law  is  a bookkeeping  device  to  ensure 
that  energy  is  neither  created  nor  destroyed  but  merely  changed  in  form. 

The  Second  Law  of  thermodynamics  recognizes  that  all  forms  of  energy  are 
not  equal  in  their  ability  to  do  work  — some  forms  of  energy  are  more 
valuable  than  others.  All  real  processes  convert  energy  from  the  more 
useful  to  the  less  useful  forms,  1.e.  energy  is  degraded  in  all  real 
processes.  For  example,  high-quality  energy  (fossil e fuels,  nuclear  energy, 
hydropower)  is  converted  to  other  forms  of  high  quality  energy  (electricity, 
work,  high  temperature  heat)  or  low  quality  energy  (low  temperature  heatK 
As  an  example  of  the  difference  in  grade  of  energy,  consider  the  energy 
contained  in  the  cooling  water  from  a power  plant.  Although  this  water 
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contains  a great  deal  of  energy  its  quality  is  low.  That  is  because  of 
its  very  low  temperature  very  little  useful  work  can  be  obtained  from  it. 

The  First  Law  of  thermodynamics  cannot  reflect  the  degradation  of  energy 
from  high  grade  to  low  grade  during  an  energy  conversion  process  since  it 
is  satisfied  if -energy  is  merely  conserved.  A measure  of  the  performance 
of  a system  which  does  reflect  the  degradation  of  energy  is  the  Second  Law 
efficiency  or  effectiveness.  The  effectiveness  is  defined  in  terms  of 
available  energy  which  is  actually  consumed  in  a process  unlike  energy 
which  is  conserved.  “Available  energy  is  the  maximum  portion  of  energy 
that  could  be  transformed  into  useful  work  by  processes  which  reduce  the 
system  to  a state  in  equilibrium  with  the  earth  and  its  atmosphere" 
[Obert-63].  The  effectiveness  is  defined  as: 

£ = increase  in  available  energy  of  desired  output 

decrease  in  available  energy  required  to  obtain  output 

That  is,  it  is  the  ratio  of  the  least  available  energy  that  could  perform 
the  task  to  the  available  energy  actually  consumed  in  doing  the  task  with  a 
particular  system  or  device.  The  utility  of  the  Second  Law  efficiency  is 
that  it  emphasizes  processes  where  there  is  a mismatch  between  the  grade 
of  the  input  energy  and  the  grade  of  the  desired  energy  output.  For  example, 
although  the  First  Law  efficiency  of  a gas  furnace  is  70%,  its  effectiveness 
is  only  about  13%.  Since  the  desired  output  from  this  system  is  low  grade 
energy  (low  temperature  heat)  the  low  value  of  the  effectiveness  is  an 
indication  that  high  quality  energy  has  been  used  to  obtain  a low  quality 
result  or  that  low  quality  energy  input  could  have  been  used  to  obtain  the 
same  desired  result.  A good  example  of  a process  that  would  have  a high 
effectiveness  and  use.  low  grade  energy  (e.g.  from  the  cooling  water 
mentioned  above)  would  be  to  use  waste  heat  from  a power. plant  or  industrial 
process  for  space  heating.  A more  subtle  example  would  be  an  indication 
that  more  emphasis  should  be  placed  on  Improving  combustor  performance  in 
a power  plant  than  on  improving  the  condenser  performance. 

The  effectiveness  is  an  indicator  of  how  well  a specific  device 
executed  a specific  task  relative  to  how  efficiently  that  task  could  have 
been  performed  by  an  ideal  (best  possible)  device.  ' It  is  also  a measure 
of  how  much  improvement  is  possible.  Maximizing  the  effectiveness  wi.ll 
minimize  energy  consumption  for  a given  task.  The  distinction  between 
First  and  Second  Law  efficiencies  may  be  extremely  important  in  that  it 
could  indicate  where  funds  should  be  allocated  for  research  and  development 
aimed  at  increasing  energy  performance  of  systems  and  devices. 

The  concept  of  energy  efficiency  can  be  extended  to  include  all  the 
energy  inputs  necessary  to  obtain  a good  or  service,  that  is  net  energetics. 
Net  energetics  is  an  energy  accounting  scheme  whereby  the  total  energy  cost 
(energy  inputs  in  BTU,  kwh,  etc.)  of  providing  a good  or  service  is 
considered.  Only  when  we  know  the  total  energy  cost  of  a good  or  service 
can  we  determine  the  energy  conserved  by  consuming  one  good  or  service 
instead  of  another,  or  by  substituting  a new  technology  or  process  for 
another.  Energy  inputs  (or  cost)  to  provide  a good  or  service  are  classi- 
fied as  direct  or  indirect.  Direct  energy  is  that  consumed  at  the  end  use 
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3.5  AN  EXAMPLE  OF  THE  METHOD:  TECHNOLOGY  APPLICATION 

The  application  of  the  methodology  to  the  U.  S.  economy  by  sectors 
using  the  input/output  analysis  matrix  and  other  means  identified  several 
targets  of  opportunity  for  energy  conservation.  These  targets  of  opportunity 
represent  areas  where  technology  may  be  applied  to  effect  conservation 
through  increased  efficiency  or  substitution.  The  group  chose  targets 
where  NASA  technology  was  applicable  since  the  information  resources  of 
NASA  were  immediately  available,  NASA  has  an  obligation  to  transfer  its 
technology,  and  feedback  on  the  applications  suggested  was  available  from 
NASA  personnel.  The  NASA  example  is  just  that  and  it  should  be  stressed 
that  other  sources  of  technology  can  be  tapped  using  the  ECASTAR  methodology. 
As  will  be  pointed  out  it  is  necessary  to  understand  a socio-economic- 
political  problem  like  energy  in  its  entirety  before  applying  technology. 
Technology  applied  without  a priori  assessment  of  impacts  on  society  as 
a whole  can  lead  to  ridicule  for  technology  and  a dispsterous 
result.  Technology  applied  wisely  can  be  a servant  to  man  the  inventor. 

One  of  the  objectives  of  NASA  as  specified  in  the  National  Aeronautic^ 
and  Space  Act  of  1958  is; 

"The  most  effective  utilization  of  the  scientific  and  engineering 
resources  of  the  United  States,  with  close  cooperation  among  all 
interested  agencies  of  the  United  States  in  order  to  avoid 
unnecessary  duplication  of  effort,  facilities,  and  equipment." 

The  Agency  has  been  fulfilling  this  charge  in  many  areas  of  technology 
including  some  pertaining  to  energy  conservation.  Examples  of  NASA 
technology  and  programs  that  have  a bearing  on  energy  conservation  are: 

work  in.  the  areas  of  materials,  selective  coatings  and  the 
technology  of  heating  and  cooling  which  directly  bears  on  the 
efficient  collection  and  use  of  solar  energy; 

new  technology  in  the  areas  of  aerodynamics,  structures, 
materials  and  pov/er  generation  that  is  being  applied  to  the 
development  of  windmills  for  power  generation  through  a NASA- 
NSF  program,; 

solar  cell  expertise  gained  over  years'  of  experience  is  being 
applied  to  the  problem  of  reducing  the  cost  and  increasing  the 
efficiency  of  solar  cells  for  direct  conversion  of  solar 
energy  to  electricity; 

experience  in  hydrocarbon  fuel  chemistry  and  combustion  applied 
to  the  development  of  low-cost  techniques  for  production  and 
collection  of  organic  material  and  its  conversion  to  fuel; 

study  aimed  at  using  hydrogen  as  a central  station  or  portable 
fuel  to  reduce  pollution  and  increase  efficiency. 
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The  learning  process  for  both  NASA  e^nd  Anjerfcstri  Industry  In  the 
transfer  and  utilization  of  advanced  technology  has  taken  about  10  years. 
Several  years  were  required  for  a backlog  of  technology  to  accumulate 
and  for  operational  experience  to  Be  amassed.  The  rate  of  successful 
transfer  is  quite  high  now  and  should  grow  rapidly.  Energy  related  problems 
in  particular  will  be  a strong  impetus  for  adoption  of  new  technology 
because  needs  are  urgent,  old  ways  of  doing  things  are  being  critically 
examined,  and  new  methods  and  devices  are  receiving  research  support  which 
entails  strong  technological  support  to  bring  a product  to  the  commercial 
stage. 

An  example  of  a specific  area  that  has  been  identified  as  having  great 
potential  for  energy  savings  is  improvement  of  combustion  efficiency.  The 
combustion  process  is  widely  used  throughout  every  sector  of  the  economy  — 
in  industry  for  heating  process  steam,  in  the  energy  industry  for 
heating  of  steam  for  power  production,  in  transportation  for  internal 
combustion  engines  and  for  space  heating  in  the  residential/commercial . 

An  estimate  of  the  potential  for  energy  savings  by  improvement  of  combustion 
efficiency  is  that  in  just  the  process  heat  for  industry  a 55^  improvement 
would  result  in  a savings  of  1 million  barrels  of  oil  per  day  by  1985.  A 
detailed  study  aimed  at  identifying  specific  problem  areas  in  combustion  was 
conducted  by  the  American  Physical  Society.  [APS-75-2]  The  APS  identified 
three  areas  in  which  research  was  needed: 

experimental  combustion  diagnostics  , 

combustion  modeling,  and 

emulsified  fuels  for  combustion  systems. 

NASA's  expertise  pertaining  to  these  areas  includes  extensive  experience  in 
combustion  and  fuels  research,  as  well  as  specific  and  general  applications 
of  materials,  components,  subsystems,  display  technology  and  experience 
with  complex  modeling.  This  technology  and  experience  may  be  applicable  to 
the  types  of  specific  problems  which  have  been  identified  and  this  may  be 
one  area  where  a real  contribution  could  be  made.  Other  areas  where  NASA 
may  supply  support  technology  or  design  expertise  are: 

systems  analysis  and  computer  modeling  studies  of  energy  usage 
in  buildings  and  district  systems,  including  thermal  response 
and  aerodynamics  studies; 

heat  pump  research  and  development  to  extend  the  useful  temperature 
range  and  explore  the  areas  of  solar  assisted  and  ground  water 
assisted  heat  pumps; 

research  on  rechargeable  batteries; 

aerodynamic  studies  of  automobile  and  truck  air  drag; 
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system  studies  to  optimize  efficiency  using  criteria  based  on 
the  Second  Law  of  thermodynamics; 

establish  precise  environmental  standards,  land  and  water  use 
programs  to  guide  construction  of  nuclear  plants,  oil  refineries, 
coal  mine  development  and  coal  conversion; 

develop  new  environmental  monitoring  and  control  programs  using 
satellites  as  a means  of  establishing  large  area  interactions 
with  the  goal  of  maintaining  or  decreasing  present  maximum 
allowable  pollutant  levels  v/hile  increasing  usage  of  high  sulfur 
fuels; 

development  of  an  advanced  flight  control  system  for  aircraft 
that  could  increase  the  efficiency  substantially  by  reducing  the 
weight; 

studying  topping  cycles  to  increase  the  overall  efficiency  of 
power  plants; 

evaluating  Rankine  and  Brayton  energy  conversion  technologies 
developed  in  the  aerospace  program  for  possible  use  in  auto- 
mobiles ; 

applying  their  expertise  to  the  problem  of  obtaining  energy  from 
the  ocean  temperature  gradients. 

There  are  other  areas  in  which  space  technology  is  being  applied  to  present 
day  energy  problems,  but  undoubtedly  there  are  many  more  yet  to  be  identified 
where  technology  can  be  applied  to  effect  energy  savings. 

In  order  to  identify  additional  areas  in  which  technology  could  make 
an  impact  on  energy  conservation,  it  is  first  necessary  to  understand  the 
problem  in  its  broadest  context.  ECASTAR  endeavored  to  do  this  by  employing 
a systems  approach  to  look  at  all  aspects  of  the  problem  as  well  as  the 
interrelationships  between  them.  ECASTAR  characterized  energy  conservation 
in  terms  of  constraints  and  criteria  that  included  the  social,  political, 
and  economic  implications  and  connections.  That  is,  ECASTAR  attempted  to 
provide  an  interface  between-  the  technological  world,  in  which  problems 
and  criteria  are  defined  in  technical  terms,  and  the  real  world  which 
technology  must  serve.  The  effort  looked  at  energy  conservation  in  its 
social,  economic,  political  environment  rather  than  from  the  narrow  view- 
point as  an  application  of  new  technology. 


This  study  was  aimed  at  identifying  targets  of  opportunity  for  energy 
conservation  that  were  of  importance  to  all  parties  in  a sector  of  the 
economy,  and  which  offer  a potential  for  conserving  energy  through  an 
application  of  technology  as  well  as  social,  economic  or  political  means. 
ECASTAR  demonstrated  techniques  for  essential  clarification  of  the  overall 
problem  such  as  input/outpul  analysis  and  net  energetics  as  well  as  the 


systems  approach  and  impact  assessment.  The  group  sought  to  identify 
areas  in  which  relevant- detailed  studies  should  be  conducted  to  identify 
specific  problems  whose  solution  would  result  in  large  net  energy  savings. 
Once  specific  problem  areas  have  been  identified,  existing  technology  or 
areas  of  technological  expertise  must  be  identified  that  are  relevant  to 
the  specific  problems.  Next,  the  existing  technology  must  be  communicated 
to  researchers,  developers,  support  industries  and  producers  of  consumer 
products  or  the  technology  can  be  developed  by  a group  v/ith  experience 
and  expertise  in  the  relevant  area. 


N76-21690 

f' 


CHAPTER  4.  CONSERVATION  IN  THE  ENERGY  INDUSTRY 


The  basic  supply  and  utilization  problems  faced  by  the  United 
States  are  described.  Actions  which  might  alleviate  the  domestic 
shortfall  of  petroleum  and  natural  gas  are  described,  analyzed  and 
overall  impacts  are  assessed.  Specific  actions  included  are  coal 
gasification,  in  situ  shale  oil  production,  improved  oil  and  gas 
recovery,  importation  of  liquid  natural  gas  and  deregulation  of  natural 
gas  prices.  These  actions  may  be  weighed  one  against  the  other  as 
alternate  techniques  of  alleviating  or  overcoming  existing  shortfalls. 

4.1  INTRODUCTION 

Specific  sectors  included  within  the  energy  industry  are  electrical 
power  production  and  transmission,  oil  production  and  processing, 
natural  gas  production,  uranium  mining  and  production  and  coal  mining. 

Also  included  are  a number  of  developing  technologies  such  as  natural 
gas  liquefaction,  coal  gasification,  coal  liquefaction,  shale  oil 
development  and  solid  waste  gasification.  Electric  power  generation 
is  of  such  significance  that  it  will  be  discussed  separately  in  Appendix  J. 
Similarly,  those  developing  technologies  which  are  not  commercially 
feasible  at  this  time  are  described  separately  in  Appendix  K.  Basically, 
each  of  the  energy  industries  is  to  some  degree  in  direct  competition 
in  supplying  energy  to  industrial,  residential,  and  commercial  consumers, 
although  features  of  individual  sources  may  preclude  particular  fuels 
in  specific  applications. 

In  1973,  it  was  found  that  23%  of  the  total  energy  used  in  the 
United  States  came  from  coal,  41%  from  oil,  30%  from  natural  gas,  1% 
from  nuclear  and  5%  from  hydroelectric.  In  reviewing  proven  reserves 
the  imbalance  in  utilization  is  startling;  coal  comprises  about  95% 
of  all  proven  fossil  fuel  reserves.  At  1972  consumption  rates,  coal 
reserves  would  last  for  800  years,  while  oil  reserves  are  sufficient 
for  only  8 years  and  natural  gas  reserves  for  only  11  years.  These 
numbers  are  somewhat  misleading  in  that  they  represent  only  known  reserves 
and  not  those  yet  to  be  discovered.  Nevertheless,  they  do  illustrate 
in  an  approximate  way  the  overall  relations.  Coupled  with  this  problem, 
and  in  part  due  to  unequal  utility  of  fossil  fuels,  is  that  of  an  energy 
shortfall  for  specific  fuels.  Production  rates  from  U.  S.  sources  of 
both  oil  and  natural  gas  are  below  demand.  As  a consequence,  oil  must 
be  imported,  often  from  unreliable  sources.  Since  transoceanic  transport 
of  natural  gas  is  more  difficult,  the  demand  is  simply  not  met,  and 
supplies  are  interrupted.  The  approach  within  the  industry  in  solving 
the  problem  is  to  curtail  industrial  users  of  natural  gas  and  to  examine 
alternate  sources.  The  shortfall  in  oil  is  being  met  largely  through 
imports  and  to  some  extent  through  conversion  to  coal.  It  is  thought 
that  conversion  to  coal  will  be  increased  in  the  future  as  further 
technological  development  introduces  economical  techniques  of  burning 
coal  cleanly.  In  the  short  term,  significant  pollution  problems,  together 
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with  environmental  concerns  over  strip  and  deep  mining,  will  hamper 
rapid  shifts  to  coal.  A number  of  developing  energy  sources  including 
solid  waste  utilization  and  shale  oil  are  presently  under  consideration. 

These  are  of  differing  significance  in  terms  of  commercial  potential, 

but  each  offers  an  alternative  to  scarce  and  dwindling  reserves  of  oil 

and  gas.  Shale  oil  is  especially  attractive  in  that  U.S.G.S.  indicates 

that  U.  S.  resources  of  shale  oil  are  almost  twice  those  of  coal.  [Fisher-74^31] 

The  future  for  nuclear  power  development  is  not  clear  at  this  time. 

Nuclear  power  plants  are  not  being  constructed  as  rapidly  as  expected, 
and  the  issue  is  presently  in  abeyance  as  intervener  issues  are  debated. 

Should  these  problems  be  satisfactorily  resol ved,  nuclear  povyer  may  be 
expected  to  fulfill  a major  portion  of  national  energy  needs. 

In  view  of  the  reserves  of  coal  and  shale  found  in  the  United 
States,  it  is  clear  that  no  shortage  of  total  energy  resources  exists; 
the  problem  is  one  of  a shortage  of  domestically  produced  oil  and  gas. 

The  resources  are  here  for  a solution;  the  technology,  policies  and 
equipment  are  not. 

Section  4.2  outlines  actions  by  industry  undertaken  over  the  past 
20  years  and  indicates  which  actions  tend  to  increase  energy  supplies. 

Section  4.3  describes  recent  government  actions  which  have  affected 
energy  production.  Several  actions  which  are  frequently  proposed  to 
increase  future  energy  supplies  are  analyzed  and  discussed  in  Section 
4.4.  These  actions  are  coal  gasification,  in  situ  oil  production  from 
shale,  improved  techniques  for  oil  and  gas  recovery,  importation  of  LNG 
and  deregulation  of  natural  gas  prices.  Each  action  is  similar  in  that 
it  serves  to  increase  the  supply  of  petroleum  or  petroleum  substitutes. 

Moreover,  each  action  may  be  implemented  in  the  near  term  so  that  a 
significant  impact  may  be  expected  prior  to  1985.  They  may,  therefore, 
be  viewed  as  competitive  approaches  to  the  energy  problem,  each  vying 
for  a share  of  the  capital  available  for  energy  development.  A comparison 
of  these  proposals  is  presented  in  Section  4.5. 


4.2  CONSERVATION  STATUS 

Table  4.2-1  ITsts  some  of  the  technology  changes  which  have 
occured  in  the  energy  industry  which  have  influenced  conservation. 

Actions  stemming  from  government  and  actions' resulting  in  substitution 
are  not  included.  Thus,  this  table  refers  to  conservation  by  increased 
efficiency. 

The  substitution  status  was  outlined  in  Chapter  2.  The  opportunities 
to  substitute  fuels  are  an  outgrowth  of  policies  which  depleted  fuels 
with  smaller  resource  bases  first.  Thus,  the  U.  S.  cannot  be  proud  of  its 
chance  to  conserve  by  switching  to  coal  and/or  nuclear. 

In  general,,  significant  efficiency  gains  have  occurred  in  most 
areas  of  the  energy  industry  even  in  a period  of  declining  real  prices 
for  energy.  Most  of  the  inefficiencies  are  driven  by  consumer  demand 
or  mandated  environmental  protection  requirements. 


TABLE  4.2-K  CONSERVATION  STATUS  - INCREASED  EFFICIENCY  IN  THE  ENERGY  INDUSTRY 


COAL 

OIL 

Resource 

Extraction 

+ stripping  . 

+ long  wall  mining- 

+ imports 

■t-  enhanced  recovery 
- finding  rate 

Transportation 

Distribution 

+ slurry  lines 
■ + covered  trains 

+ evaporation 
prevention 

Conversion 

+ combustion 
efficiency  ' 

+ refinery 
efficiency 
gains 

+ control  of 
product  mix 

A [+]  indicates 

an  increased  supply  or 

an  increased  efficien 

■ NUCLEAR  _ ELECTRICITY 

+ imports 

- LNG  storage 

- nuclear 
stimulation 

+ larger  ; UHV  lines 

pipelines  + higher  distribution 

voltages 

+ lower  corona  losses 
- longer  transmission 
lines 

+ improved  yields  + greater  fuel 
in  petro  burn  up  factors 

chemicals  . + plant  operating 

factor 

+ conservative 
rating  of  cores 


of  recovery  or  utilization,  a [-]  indicates  the  opposite 
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TABLE  4.2-1.  CONSERVATION  STATUS  - INCREASED  EFFICIENCY  IN  THE  ENERGY  INDUSTRY 


NUCLEAR 


ELECTRICITY 


Resource 

Extraction 


Transportation 
Distribution — 


Conversion 


+ stripping 
+ long  wall  mining 


+ slurry  lines 
+ covered  trains 


+ combustion 
efficiency 


+ imports 

+ enhanced  recovery 
- finding  rate 


+ evaporation 
prevention 


+ refTTrecy 
efficiencj^ 
gains 

+ contjiiei  of 
product  mix 


+ imports 

- LNG  storage 

- nuclear 
stimulation 

+ larger 
pipelines 


+ improved  yields 
in  petro 
chemicals 


+ EHV,  UHV  lines 
+ higher  distribution 
voltages 

+ lower  corona  losses 
- longer  transmission 
• lines 


+ greater  fuel 
burn  up  factors 
+ plant  operating 
factor 

+ conservative 
rating  of  cores 


A [+]  indicates  an  increased  simi>}^or  an  increased  efficiency  of  recovery  or  utilisation,  a [-]  indicates  the  opposite 
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4.3  GOVERNMENT  CONSERVATION  STATUS 

As  mentioned  in  Chapter  U government  and  the  energy  industry  have 
had  a long-standing  relationship.  State  governments  have  instituted 
"prorationing"  policies  to  prevent  the  "rule  of  capture"  on  jointly 
worked  reservoirs  in  the  hope  of  preserving  natural  drives.  Wellhead 
prices  of  interstate  natural  gas  have  been  regulated.  Coal  miners  are 
being  given  compensation  for  hazardous  health  conditions.  Public  utilities 
(service)  commissions  have  regulations  on  utility  rates. 

The  legal  restrictions  common  to  all  sectors  of  the  energy  industry 
(which  are  also  common  to  many  other  industries  as  well)  involve  anti- 
trust regulation,  health  and  safety  regulations,  land  use  and  siting 
regulations,  environmental  standards  and  taxing  policies. 

Anti -trust  regulation  puts  limits  on  the  vertical  and  horizontal 
integration  in  the  Industry,  This  is  an  important  problem  since  entry 
into  this  industry  entails  extremely  large  fixed  capital  investments. 

Health  and  safety  problems  have  basically  centered  around  coal  mining 
accidents  and  black  lung  disease.  Land  use  problems  occur  in  siting 
power  plants,  refineries  and  transmission  lines.  Environmental  problems 
occur  with  refinery  discharges,  acid  drainage  from  deep  mines  and 
topographical  disruptions  from  strip  mining,  power  plant  air  pollution 
and/or  thermal  discharges,  aesthetic  issues,  and  land  use  concerns. 

Taxing  policies  have  been  controversial.  Fossil  fuel  production  has 
until  recently  carried  with  it  a depletion  allowance.  This  meant  that 
22%  of  the  resource  value  was  deducted  from  taxable  income  each  year 
of  the  producing  life  of  the  well,  even  if  more  than  100%  was  eventually 
deducted.  Other  taxing  policies  have  included  investment  tax  credits 
and  deduction  of  taxes  paid  to  foreign  governments  from  U.  S.  taxable 
i ncome . 

In  summary,  the  government  has  intervened  strongly  into  the  industry's 
activities.  Some  of  the  measures  are  directed  towards  conservation. 

Many  of  the  important  measures  at  various  levels  of  government  are  listed 
in  the  respective  Appendixes.  New  government  actions  are  betng  proposed 
currently,  and  it  is  part  of  the  task  of  this  group  to  evaluate  a portion 
of  these  in  terms  of  energy  conservation.  The  result  of  this  analysis 
is  displayed  in  Appendix  I.  The  government  is  very  interested  in  developing 
a consistent  policy  that  optimizes  the  net  benefit  to  society.  The  energy 
industry  is  a particular  target  because  of  the  widely  discussed  pricing 
practices  in  firms  with  large  fixed  capital  Investment  and  diminishing 
average  and  incremental  (marginal)  costs. 


4.4  ACTIONS 

In  an  overall  view  of  potential  for  energy  conservation  in  the 
energy  industry,  a number  of  actions  stand  out  as  especially  pertinent 
in  that  near  term  implementation  is  frequently  advocated.  In  each  case, 
the  technological  problems  appear  manageable,  economic  potential  is 
judged  favorable,  and  development  is  commonly  considered  to  require 
simple  legislative,  executive  or  industrial  adaptation.  A number  of 
such  actions  are  considered  in  Appendix  D to  determine  their  impacts 
and  whether  such  actions  could  be  implemented  in  the  proposed  time 
frame.  The  essential  features  of  such  activities  %re  described  in 
sections  4.5.1  through  4.5.5  below. 
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4.4.1  COAL  GASIFICATION 

Present  and  projected  shortages  in  natural  gas  have  led  to  several 
alternative  methods  of  supplementing  of  gaseous  fuels.  Coal  gasification 
technology  has  reached  the  point  where  plans  for  commercial  plants  are 
being  implemented,  and  permit  applications  are  under  government  review. 

Six  250  mmcf/day  plants  are  presently  on  order  [Pollaert-75]  with  American 
Lurgi , and  a total  of  29  plants  of  various  types  and  size  are  under  study. 
[CA-75,94]  The  Lurgi  plants  have  a sufficient  operating  history  to  be 
considered  present  technology  items,  and  construction  of  these  units 
presents  no  major  technical  problems. 

A crash  program  to  build  coal  gasification  plants  has  been  estimated 
to  be  able  to  produce  up  to  3 trillion  cubic  feet  of  pipeline  quality 
gas  per  year  by  1985.  [PI-74-3-107]  Natural  gas  production  in  1973  was 

22.6  trillion  cubic  feet,  and  production  is  not  expected  to  rise  significantly 
over  the  next  decade.  Synthetic  pipeline  gas  production  could  reach  10% 
of  the  total  supply  by  1985  and  could  reduce  oil  imports  by  500  million 
barrels  per  year.  This  represents  25%  of  the  oil  imported  in  1973. 
[Ford-74-28] 

Manufacture  of  the  Lurgi  gasifiers  and  associated  equipment  is  not 
envisioned  to  be  a major  problem.  [Pollaert-75]  The  vessels  are 
designed  for  operating  pressures  of  only  450-525  psig  so  that  pressure 
vessel  construction  is  well  within  the  range  of  current  technology. 

(Nuclear  reactor  vessels  are  constructed  for  pressures  in  the  1000-2000 
psig  range).. 

While  the  process  development  and  manufacture  of  the  equipment 
appear  manageable,  other  problems  are  unresolved.  Government  regulations 
on  natural  gas  pricing  preclude  pricing  structures  based  on  mixed' 
natural  gas  and  synthetic  pipeline  gas  (SPG).  Intrastate  natural  gas  has 
recently  sold  for  $1.20  to  $1.90/mcf  at  the  wellhead,  whereas  SPG  is 
estimated  at  $2.50  to  $3.50  at  the  plant  gate.  While  a mixed  product 
price  would  appear  competitive  with  oil,  the  higher  priced  SPG  may 
not  be ‘marketable  alone.  The  heating  value  of  oil  is  such  that  oil 
at  $11.00  per  barrel  is  economically  equivalent  to  pipeline  gas  at 
$2.00/mcf.  It  is  not  clear  to  what  extent  the  residential  and  commercial 
sectors  would  choose  to  buy  gas  at  the  higher  price;  certainly  there 
are  some  convenience  features  associated  with  gas  which  might  continue 
to  make  it  desirable.  It  should  be  noted  that  any  future  reduction  in 
foreign  oil  prices  might  upset  market  conditions  significantly.  The 
risks  in  such  a venture  are  enormous.  Capital  costs  for  the  pipelines, 
plants  and  mines  are  estimated  at  $30.75  billion.  Unless  the  venture 
is  guaranteed  in  some  way,  perhaps  by  a floor  on  oil  prices,  it  is 
unlikely  that  adequate  quantities  of  capital  can  be  raised. 

Environmental  concerns  have  also  presented  a major  obstacle  to 
plant  development.  In  general,  gasification  plants  require  extensive 
strip  mining  and  enormous  water  resources,.  In  the  semi -arid  regions 
where  plants  are  proposed, it  is  not  clear  to  what  extent  the  land 
can  be  reclaimed.  Moreover,  diversion  of  water  to  mining  and  gasification 
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processes  may  seriously  deprive  existing  agricultural  areas.  Large- 
scale  introduction  of  mining  and  gasification  into  these  areas  would 
significantly  alter  the  pattern  of  life, transforming  agricultural  and 
range  land  into  industrial  centers.  There  is  sufficient  opposition  to 
such  change  to  bring  about  numerous  attempts  to  block  development  of 
gasification  sites.  The  Sierra  Club  has  been  successful  in  blocking 
development  in  the  North  Platte  River  area  until  a multi -state  environ- 
mental impact  statement  can  be  prepared  and  reviewed.  This  study  has 
been  estimated  to  take  a minimum  of  two  years,  and  further  delays  may 
follow  as  new  questions  are  introduced.  It  would  appear  that  a pattern 
may  be  developing  in  which  interveners  may  seek  to  prevent  such- develop- 
ment through  a series  of  injunctions.  The  procedure  is  similar  to  that 
used  by  groups  in  opposition  to  nuclear  development.  Unless  fundamental 
changes  are  brought  about  in  the  method  of  licensing,  it  is  doubtful  if 
the  process  can  provide  a significant  impact  prior  to  1985. 


4.4.2  IN  SITU  SHALE  OIL  PRODUCTION 

Shale  constitutes  one  of  the  nation's  largest  sources  of  fossil 
fuel;  it  seems  reasonable,  therefore,-  that  its  potential  be  carefully 
explored.  In  si-tu  methods  of  shale  oil  production  show  distinctive 
promise  for  cost  effectiveness.  Moreover,  Occidental  Oil  Shale  Corporation 
has  testified  that  a production  level  of  1 million  bbl/day  is  achievable 
by  1980.  Allowing  some  lee -way  for  additional  technical  problems,  a 
goal  of  1 million  bbl/day  of  shale  oil  by  1985  has  been  established  for 
this  action. 


At  the  moment,  the  nature  ^)f  technological  pr-oblems  are  not  altogether 
clear.  Occidental,  the  only  company  now  active  in  in  situ  recovery » 
has  successfully  extracted  oil  from  three  experimental  sites  and  has 
a commercial  size  project  under  way.  Its  primary  interest  is  to 
demonstrate  economic  feasibility.  To  do  so  will  require  that  a number 
of  yet  undisclosed  technological  difficulties  be  resolved.  Although 
Occidental  has  not  yet  publicized  Its  results,  the  following,  requirements 
are  a reasonable  estimate  for  a 50,000  bbl/day  project  (assuming  20  bbl/ton 
shale  source) . 


Manpower 

Construction  costs 
Operating  costs 
Steel 


1 ,200 

$ 250  X 10® 

$ 60  X 10®/yr 

60  X 10^  tons 


Net  energetics  which  give  credit  for  crude  oil,  coke,  ammonia, 
and  sulfur  produced  but  deduct  for  mobile  equipment,  energy,  hydrogen 
reformation,  process  heat  and  electric  needs  show  a favorable  net  energetics 
balance  of  10.5  (output/input).  [PI-74-9,87]  If  the  energy  required  to 
produce  the  steel  used  is  included,  this  figure  reduces  to  10.4.  Other 


factors  such  as  energy  requirements  for  disposal j grading,  explosives,  and 
sundry  other  items  can  reduce  this  further  to  8.9,  Additional  considerations 
such  as  transportation  requirements  and  environmental  restoration  will 
result  in  even  further  reduction.  Potential  savings  from  a 50,000  bbl/day 
operation  would  be  2.9  x 10l2  BTU/day  or  2.12  quads/yr  discounting  energy 
costs.  The  final  net  energetic  gain  reduces  this  to  an  actual  savings  of 
1.76  quads/yr. 

Although  in  situ  shale  processing  does  not  present  the  kinds  of 
demographic  environmental  problems  that  surface  retorting  does,  the 
impacts  are  still  severe.  Native  flora  will  be  destroyed  by  removal 
and  tramping.  Labor  requirements  and  concomitent  population  shifts 
will  still  be  extensive.  Consequently,  water  and  land  for  residential 
use  will  be  needed.  Spent  shale  disposal  will  present  a problem,  and 
the  prospects  of  leaching  of  alkaline  materials  and  consequential 
contamination  of  ground  water  will  have  to  be  guarded  against. 

Successful  in  situ  retorting  of  shale  will  depend  largely  on  the 
results  of  Occidental's  investigations.  Sufficient  data  to  draw  a 
definitive  conclusion  should  be  available  by  Fall,  1975.  At  this 
point  the  program  appears  -to  be  viable. 


4.4.3  IMPROVED  RECOVERY  TECHNIQUES  FOR  OIL  AND  GAS 

This  action  is  a conservation  measure  in  the  simple  sense  that 
it  increases  the  efficiency  of  utilization  of  a resource  by  extracting 
a larger  percentage  from  known  deposits.  Next  to  management  of  the 
well  itself,  management  of  the  reservoir  is  the  key  to  profitable  production 
with  a long  producing  life.  Aside  from  the  logic  of  recovering  as  much 
oil  as  possible  from  known  deposits  to  reduce  the  exploration  risks  and 
first  costs,  enhanced  recovery  impacts  directly  on  any  policy  of  finding 
substitutes  for  imported  petroleum. 

Enhanced  recovery  of  oil  and  gas  is  a partial  substutite  for 
imports,  shale  oil,  coal  oil  and  gas,  and  exotic  portable  fuels  or- 
hydrogen  generation.  There  is  some  potential  for  tapping  resources 
such  as  heavy  crudes  and  tar  sands  which  might  otherwise  remain  unused. 
Tertiary  methods  such  as  in  situ  combustion  would  transfer  technology 
to  other  extraction  processes  such  as  shale  oil.  The  technology  and 
know-how  would  also  be  of  great  value  for  export  or  for  assistance 
programs  to  developing  nations.  Environmental  and  social  impacts 
per  unit  of  energy  are  generally  small  with  enhanced  recovery  methods. 

In  this  discussion  all  the  statistics  will  be  based  on  [PI-74-2]. 

The  gains  in  enhanced  recovery  methods  will  come  from  oil  reservoirs, 
heavy  crude  reservoirs,  and  tar  sands.  Present  technology  of  a pre- 
embargo vintage  recovers  an  average  of  31%  of  the  oil  in  the  reservoir. 

The  recovery  is  estimated  to  rise  to  39%  under  the  assumption  of 


$7/bbl  oil.  Recovery  may  exceed  50^  in  some  fields  with  prices  at 
$n/bbl.  The  model  parameters  for  a typical  well  give  a simple  picture 
of  the  effect  of  advanced  recovery  on  well  life.  The  primary  life  of 
the  well  is  taken  as  5 years  and  the  secondary  and  tertiary  lives  as 
5 and  20  years,  respectively,  at  much  reduced  production  levels.  The 
implication  is  that  most  wells  are  on  secondary  recovery  now,  and  many 
are  beyond  the  help  of  secondary  recovery.  In  the  era  of  stable  oil 
prices  when  economic  incentives  for  advanced  recovery  were  weak  and 
the  technology  was  not  very  advanced,  massive  shut-ins  of  wells  occurred. 
There  is  limited  potential  for  reopening  wells  once  shut-in. 

The  overall  potential  for  secondary  and  tertiary  recovery  techniques 
is  large.  As  a percentage  of  oil  already  produced  plus  an  addition  to 
new  production,  enhanced  recovery  is  large  both  in  total  (as  much  as 
a 30%  addition  to  the  recoverable  fraction)  and  large  in  near  term 
impact  (as  much  as  20%  of  domestic  production  by  the  1980's).  This 
oil  produced  by  enhanced  recovery  constitutes  a contribution  to  fuels 
needed  to  ride  out  the  transition  to  other  fuels  with  larger  resource 
base  or  to  intermediates  requiring  development. 

The  status  of  enhanced  recovery  technology  is  good  and  improving. 
There  is  a well  developed  industry  and  supplier  chain  and  a pool  of 
trained  personnel.  The  training  and  education  programs  exist  for 
expanding  the  manpower  base.  It  has  been  proposed  in  the  Department 
of  Interior's  5~year  R & D Programs  (June  74)  that  $300  million  be  spent 
on  enhanced  recovery  research  and  development.  A further  amount  has 
been  allocated  for  other  programs  such  as  heavy  crudes  and  tar  sands. 

The  technology  of  secondary  recovery  is  basically  water  flooding 
(90%)  and  other  injection  scheme's  (10%).  Tertiary  recovery  involves 
more  elaborate  flooding  programs  using  more  expensive  media  or  more 
complex  cycles  of  operation.  It  also  includes  combined  mechanical 
(explosive  or  hydraulic)  working  with  chemical  or  thermal  stimulation. 

The  principle  requirements  of  enhanced  recovery  are  an  attractive 
threshold  price  and  the  requisite  investment.  The  threshold  price 
can  be  estimated  from  additional  investment  per  barrel  of  added 
• reserves.  The  estimated  secondary  recovery  investment  today  ranges 
from  $0.32  in  the  Gulf  to  $0.96  in  Alaska  per  barrel  added.  Tertiary 
investment  is  estimated  to  range  from  $0.80  to  $1.68  in  the  different 
oil  regions.  Enhanced  recovery  costs  are  projected  to  double  or  more 
by  1988.  [PI-74-2, III-22]  Present  Congressional  thinking,  would  allow 

for  some  fraction  of  old  oil  to  be  sold  at  a celling  price  of  $7.50 
relative  to  the  $5.25  ceiling  and  bona  fide  tertiary  recovery  projects 
to  have  a $8.50  ceiling.  This  pricing  structure  proposal  is  discussed 
more  fully  in  the  chapter  on  HR7014.  There  is  the  intent  to  eventually 
erase  the  price  differential  on  domestic  oil  except  for  OCS  and  Alaska. 

The  material  requirements  specific  to  enhanced  recovery  are  minor. 

In  general  they  represent  the  same  distribution  of  materials  as  primary 
production.  Sheer  size  of  the  requirements  is  not  a deterrent  to  the 
programs  visualized  in  Project  Independence.  Water  use  is  very  small 
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compared  to  the  consumption  in  process inp  fuels-  Also  the  water 
or  fluid  drive  is  usually  made  up  of  whatever  is  on  hand:  brine,  CO2 

and  some  natural  gas  liquids.  Tertiary  recovery  will  require  specialized 
chemicals.  The  demand  for  these  and  other  supporting  goods  and  services 
will  expand  the  infrastructure  of  well  service  companies  and  create  some 
new  opportunities.  There  is  also  a large  material  recycle  program 
inherent  in  enhanced  recovery  work.  These  old  wells  supply  a good 
fraction  of  the  pipe  and  equipment  needed  to  implement  advanced  recovery. 

The  impact  picture  for  enhanced  recovery  is  in  general  favorable 
especially  for  secondary  projects.  Tertiary  recovery,  particularly 
unproven  methods  such  as  in  situ  or  microbiological  methods,  lack  either 
history  or  assessment  of  impacts.  Prolonging  the  life  of  a production 
site  contributes  a proportionate  environmental  load  each  year,  but  to 
counter  this,  it  reduces  the  expansion  of  oil  production  into  new 
territories.  The  initial  drilling  and  production  periods  have  greater 
environmental  impacts  than  the  long  term  stable  operation  phase. 
Initiating  new  recovery  methods  introduces  a transient  load  on  the 
environment.  Insofar  as  enhanced  recovery  substitutes  for  other 
intermediate  fuel  forms,  such  as  shale  oil  and  coal  conversion,  it 
should  be  credited  with  large  net  savings  in  environmental  impacts. 

Since  enhanced  recovery  potential  is  still  small  compared  to  our  long 
term  fuel  needs, the  impact  of  these  other  energy  conversions  is  delayed, 
not  prevented.  The  economic  life  of  communities  and  firms  tied  to 
old  oil  folds  will  be  prolonged. 

The  actions  discussed  above  leave  out  one  important  alternative, 
nuclear  stimulation  of  gas.  The  recent  experience  with  this  method 
has  not  been  encouraging.  Real  problems  exist  with  yield,  seismic 
hazards,  entrained  radioactive  materials,  cost  and  net  energy  return. 
Opposition  is  growing  to  the  point  of  passing  state  laws  forbidding 
nuclear  explosions. 


4.5.  THE  GOVERNMENT  DEREGULATES  NATURAL  GAS  PRICES 

The  justification  for  this  action  stems  from  the  regulation  of 
interstate  gas  prices  by  the  Federal  Power  Commission  at  prices  below 
equilibrium  levels.  This  legislation  can  be  enacted  immediately.  It 
will  raise  the  prices  of  natural  gas  (NG).  ■ The  American  Gas  Association 
has  an  elaborate  computer  simulation  model  which  estimates  gas  prices  and 
production  for  1975,  1980  and  1985  assuming  that  gas  prices  are  deregulated 
this  year.  They  assumed  other  prices  constant,  except  for  a 5.5%  in- 
flation rate  over  time.  .The  jump  in  gas  prices  takes  place  immediately 
and  then  simply  follows  inflation.  Old  gas  prices  are  assumed  to  follow 
current  contractual  agreements.  In  terms  of  a BTU  equivalent  to  $ll/bbl 
oil,  new  gas  prices  are  expected  to  rise  to  $1.96  this  year,  $2.56  in 
1980  and  $3,19/Mcf  in  1985.  National  average  prices  projected  (in- 
cluding old  gas)  are  $.55,  $1 .56  and  $2.66  respectively.  Total"  marketed 
gas  is  projected  fo  be  18.3,  22.7  and  29.2  Tcf  respectively.  These 
figures  imply  continuing  shortages  of  1.6,  4.0  and  1.8  Tcf  respectively. 
Demand  for  gas  is  expected  to  rise  over  the  period,  but  imports  and  syngas 
are  expected  to  increase  supplies. 
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In  actuality,  the  prices  of  oil,  coal  and  electricity  should  increase. 
Demand  for-  (supply  of)  these  commodities  will  go  down  (up),  and  the 
degree  is  measured  by -the  own  and  cross  price  elasticities  of  each  (see 
Section  1.2.1  above).  The  actual  manpower,  capital  and  other  requirements 
are  related  to  expanding  supplies  of  NG,  oil  and  coal  as  a response  to 
higher  prices. 

Increased  fuel  prices  not  only  erode  purchasing  power  directly,  but 
lead  to  increases  in  the  prices  of  goods  for  which  they  are  important 
inputs.  This  may  make  American  goods  less  attractive  abroad,  but  decreases 
our  dependence  on  foreign  oil  and  gas.  Higher  prices,  however,  are  a 
difficult  burden  to  the  poor. 

Higher  fossil  fuel  prices  also  may  make  alternative  methods  (e.g.,  tertiary 
recovery,  shale,  OCS,  solar  heating,  etc.)  relatively  more  attractive. 

They  promote  conservation  by  generally  causing  people  to  reduce  use  of 
direct  fuels,  to  implement  more  efficient  devices  such  as  heat  pumps  and 
compact  cars  and  to  substitute  non-scarce  fuels  such  as  coal  in  industry 
and  electricity  from  coal  or  nuclear  fuels  in  the  residential/conimercial 
sector. 

Quads  saved  are  very  difficult  to  estimate  since  the  interplay  of 
several  market  forces  and  other  government  edicts  are  uncertain. 


4.5.5  IMPLEMENTING  OF  LIQUID  NATURAL  GAS  (LNG) 

The  justification  for  this  action  is  that  it  has  a potential  in  solving 
some  high  demand  problems  by  supplementing  domestic  natural  gas  supplies  and 
to  provide  gas  during  periods  of  normal  (base-load)  use.  The  details  of  the 
technology,  costs,  potential  and  impacts  of  implementing  this  action  are 
presented  in  section  E.4.5.4.  The  technology  of  importing  LNG  involves  the 
following: 


Install  gas  liquification  facilities  in  oil  producing  countries, 
which  do  not  have  much  local  demand  for  NG  that  is  produced  with 
oil,  to  convert  NG  to  LNG, 

Ship  LNG  by  heavily  insulated  cryogenic  tankers. 

Install  regasification  and  storage  facilities  in  the  U.  S. 
(importing  country). 

LNG  technology  has  been  used  commercially  in  the  U.  S.  for  more  than 
30  years;  technology  was  initially  applied  to  provide  supplemental  gas 
during  periods  of  high  demand.  More  than  30  plants  are  presently  in 
operation  to  provide  LNG  when  large  demands  for  heating  gas  exceed  the 
pipeline  capacity  during  the  coldest  days  of  the  year.  Foreign  LNG  was 
first  utilized  during  the  winter  of  1968-69  when  the  LNG  equivalent  of 
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about  150  million  cubic  feet  of  gas  was  imported  from  Algeria  by  Bosten 
Gas  Company.  The  price  ranges  in  dollars  per  1000  cubic  feet  between 
1975  and  1980  are  expected  to  be: 

LNG  from  Alaska  to  U.  S.  West  Coast  1.50-2.18 

LNG  from  Canada  and  Venezuela  1.00-2.20 

LNG  from  Eastern  Hemisphere  1.00-1.89 

It  is  estimated  that  the  contribution  of  LNG  imports  in  1985  to  the  total 
U.  S.  natural  gas  will  be  1.6  trillions  of  cubic  feet  (about  5.4%  of  total 
U.  S.  natural  gas  supply). 

Among  the  major  considerations  in  LNG  importing  is  the  large  capital 
investment  required  for  ocean  tankers.  Moreover,  long-term  operating 
experience  is  still  an  extremely  rare  commodity  in  the  LNG  business.  One 
should  also  note  that  the  small  number  of  LNG  facilities  installed  in  foreign 
exporting  countries  makes  it  much  easier  for  production  to  be  interrupted 
than  is, true  for  crude  petroleum  and  export.  Environmental  concerns  are  with 
the  human  health  and  safety  impacts  of  any  accidental  spill  or  fire  associated 
with  transporting  huge  amounts  of  LNG.. 

In  conclusion,  the  benefits  of  LNG  lie  in  the  fact  that  it  has  an 
octane  rating  well  above  100  without  the  addition  of  anti-knock  addi- 
tives; it  is  clean  burning  and  produces  minimal  air  pollution;  its  specific 
energy  per  pound  is  15%  greater  than  gasoline  and  It  can  be  used  as  an 
engine  coolant  before  it  is  burned  as  a fuel. 
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CHAPTER  5.  CONSERVATION  AND  THE  INDUSTRY  SECTOR 


Excess.ive  energy  consuming  patterns  and  the  substitution  of  energy 
for  manpower  have  been  encouraged  in  the  past  not  only  by  "cheap  energy" 
but  by  governmental  policies  (regulation)  and  by  a changing  economy  and 
society.  Growing  energy  consumption  can  be  directly  related  to  the 
substantial  changes  that  have  evolved  in  the  lifestyle  of  the  U.  S.; 
for  example,  productivity  in  industry* has  increased  with  the  growing 
substitution  of  machines  for  labor,  resulting  in  fewer  man-hours  and 
shorter  working  weeks. 

Today,  things  are  different.  Industry  is  faced  with  increasing 
fuel  cost  and  little  hope  of  relief  in  the  near  future.  Over  the 
past  few  years  some  industries  have  recognized  the  inevitable  shortage 
of  certain  types  of  fuel  and  have  planned  accordingly.  However,  most 
industries  have  been  hard  hit  by  the  risin^g  fuel  costs;  consequently, 
conservation  is  one  way  to  help  solve  the  problem. 

Six  of  the  most  energy  intensive  industries  were  chosen  for  study 
in  the  industry  task  group.  After  studying  conservation  actions  within 
each  industry  the  actions  were  grouped  under  three  broad  categories: 

(1)  increased’ combustion  efficiency,  (2)  process  improvement,  and  (3) 
good  housekeeping.  Approximately  7.5%  savings  have  already  been  accom- 
plished in  industry  by  implementing  good  housekeeping  measures.  Under 
the  increased  efficiency  category,  decreasing  the  excess  air  in  the 
combustion  chamber  from  20%  to  10%  results  in  a fuel  savings  of  ap- 
proximately 1%  (0.15  quads  in  1980  and  0.18  quads  in  1985 )» 

Based  upon  some  rather  tenuous  assumptions  and  Gyftopoulos'  data, 
it  was  estimated  that  approximately  2.18  quads  could  be  saved  in  1980 
and  2.57  quads  in  1985  by  installing  cogeneration  facilities  in  50% 
of  industry.  [PFE-74]  Obviously  there  are  monumental  obstacles  to  the 
implementation  of  this  action  in  the  area  of  regulation,  fuel  supply,  and 
utility  corporation. 

Under  the  category  of  process  improvement,  a significant  savinos  in 
energy  may  result  from  installation  of  air  preheaters.  Regenerative 
air-preheaters  can  result  in  a 10-15%  increase  furnace  efficiency  which 
represents  a 15-25%  fuel  savings  (2.3  to  3.9  quads  in  1980  and  2.7  to 
4.5  quads  in  1985).  These  savings  are  based  on  the  fact  that  the  combusti 
process  requires  about  70%  of  the  projected  fuel  consumption. 
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It  IS  important  to  note  that  the  fuel  corns umpti on  projections  used 
were  very  low  (23.2  q;uads  in  1980  and  25.9  quads  in  1985).  Since  the 
calculations  are  based  on  these  projections  rather  than  historical 
growth  projections,  the  estimated  potential  savings  may  be  low.  How- 
ever, in  the  case  of  preheaters  it  was  assumed  that  preheaters  would 
be  installed  whenever  possible  (estimate  would  be  too  high). 

Several  major  industries  have  potential  for  energy  savings  by 
recycling  --  aluminum  (0.2  quads),  steel  (1  quad),  glass  (0.006  quads), 
paper  and  cement  (0.08  quads).  The  major  obstacle  in  this  area  appears 
to  be  reliability  of  supply.  In  addition  to  these  broad  categories,  some 
conservation  actions  are  included  under  individual  industry  discussions. 
Finally,  a non-inclusive  list  of  conservation  actions  is  included. 

A limited  discussion' of  some  of  the  impacts,  barriers  to  imple-' 
mentation,  and  suggested  incentives  is  included.  Impacts  in  the  political, 
economic,  social,  and  environmental  areas  were  identified.  For  example, 
one  of  the  actions  discussed  — cogeneration  — has  impacts,  both  positive 
and  negative,  on  each  of  these  areas.  Prior  to  implementation  of  this 
action  the  Federal  Power  Commission  would  have  to  make  decisions  concerning 
the  regulation  of  electricity  generated  by  industry.  The  most  probable 
arrangement  would  involve  utilities' in  an  intermediary  role  in  which  they 
might  purchase  electricity  from  industry  to  sell  to  their  customers. 

Since  utilities  already  switch  electricity  back  and  forth  using  their 
grid  network,  the  mechanics  of  such  an  action  are  less  of  a problem 
than  convincing  utilities  that  such  an  action  is  advisable.  Even  though 
the  potential  savings  is  large  due  to  the  fact  that  efficiency  is  more 
than  twice  as  great  when  the  waste  steam  is  utilized,  industry  may  be 
reluctant  to  step  into  this  new  role  of  electric  generation  with  its 
accompanying  problems.  In  general,  industry  has  in  the  past  preferred  to 
purchase  electricity  and  let  the  utilities  worry  about  fuel  supply  and 
operation  and  maintenance  problems.  The  possibility  of  a manpower 
shortage,  in  terms  of  the  engineers  needed  to  implement  these  conservation 
actions,  needs  to  be  explored. 

Many  of  the  regulations  concerning  environmental  standards  not  only 
increase  consumption  of  energy  but  also  compete  for  capital  needed  to 
implement  the  conservation  actions.  The  effect  of  large  capital  demands 
by  industry  on  the  capital  market  should  be  investigated.  If  capital 
is  not  available  at  reasonable  interest  rates,  then  budget  cutting  may 
result  in  a reduction  in  potential  energy  savings  or  other  impacts,  such 
as  decreased  employee  raises,  travel  expenses,  R&D  funds,  etc.  These 
are  only  a few  of  the  impacts  that  will  have  to  be  identified  and  assessed 
before  conservation  actions  are  implemented. 
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5.1  INTRODUCTION 

As  the  largest  energy  consumer,  the  industry  sector  has  a great 
potential  for  total  energy  savings  with  small  percentage  changes.  An 
attractive  feature  for  conservation  efforts  is  the  concentration  of  energy 
use  in  a few  industries  which  provide  a focal  point.  The  prospects  of 
conservation  are  enhanced  by  centralized  management  structures  which  can 
make  the  decisions  for  action  and  by  localized  energy  activities  which 
ease  the  implementation  of  the  actions. 

In  assessing  the  potential  for  conservation  in  industry,  six  highly 
energy  intensive  industries  have  been  singled  out  as  targets  of  conserva- 
tion opportunity.  Considered  together  these  industries  accounted  for 
80?^  of  the  manufacturing  energy  consumption  .in  1967.  These  industries 
are  food  and  kindred  products,  paper  and  allied  products,  chemicals, 
refining,  stone,  clay  and  glass,  and  primary  metals.  The  Standard  Indus- 
trial Classification  (SIC)  scheme  is  followed  in  the  data  collection  and 
analysis.  There  is  a capsule  description  of  each  industry  in  Appendix  F. 

Approaching  conservation  at  the  process  level  leads  to  consideration 
of  process  improvement,  increased  combustion  efficiency,  and  general  energy 
housekeeping.  The  immediate  impacts  of  these  actions  may  be  less  energy 
used  and  lower  energy  costs.  The  Impacts  would  be  localized  and  there 
would  be  longer  term  impacts.  The  conservation  actions  are  carried  forward 
ultimately  to  final  consumption.  The  really  potential  catastrophic  impacts 
occur  if  final  demands  are  inopportunely  altered.  Drastic  changes  in  the 
structure  of  consumption  may  set  off  reverberations  throughout  all  indus- 
tries. The  magnitude  and  severity  of  the  secondary  impacts  of  the  auto 
slump  should  be  convincing. 

As  an  alternative, only  that  energy  which  was  utilized  in  the  produc- 
tion of  that  industry's  final  demand  would  be  charged  to  that  industry. 

Under  this  accounting  procedure,  the  energy  used  to  make  steel  for  auto- 
mobile production  would  be  charged  to  the  automobile  industry.  Here  the 
focus  is  on  the  final  product  — that  part  of  industry  production  which 
ends  up  as  part  of  aggregate  consumption.  In  terms  of  the  GNP  this  is 
the  relevant  part  of  industry  production.  Following  this  accounting  scheme, 
the  industries  which  are  "targets  of  conservation  opportunity"  change. 

Now,  rather  than  focusing  on  primary  metals,  emphasis  should  be  centered 
on  the  transportation,  machinery  and  electrical  machinery  industries. 

Whether  the  targets  of  opportunity  are  determined  by  looking  at  the 
intermediate  products  (primary  metals,  chemicals,  etc.)  or  by  looking  at 
final  demand  (transportation,  etc,),  the  potential  for  conservation  may 
be  misrepresented  and  underestimated  unless  the  interdependencies  are 
accounted.  Examples  of  the  assertion  are  given  in  Appendix  E. 

The  assessment  of  the  potential  energy  conservation  in  the  industrial 
sector  was  chosen  as  the  Industry  task  group's  objective.  The  assessment 
activity  was  organized  by  using  a system  diagram  to  display  the  interaction 
between  the  various  activities  undertaken  by  members  of  the  group.  A system 
and  subsystem  diagram  is  displayed  in  Section  E.l. 


5-4 


5.2  CONSUMPTION  STATUS 

Consumption- of  energy  for  the  six  most  energy  intensive  industries 
for  1967  and  1972  is  shown  in  Table  5.2-1.  The  historical  picture 
generally  indicates  an  increase  in  energy  use  with  the  exception  of 
primary  metals.  Energy  intensive  industries  generally  have  centralized 
facilities  for  energy  use  and  some  flexibility  as  to  primary  fuel  use. 

Since  the  industries  are  unique,  each  has  a specific  consumption 
profile.  The  fuel  use  by  type  for  each  industry  is  presented  in  Table 
E.2,7-1  in  Appendix  E.2. 


5.3  CONSERVATION  STATUS  IN  INDUSTRY 

Since  industry  historically  has  used  about  40  percent  of  the  energy 
used  in  the  U.  S.,  it  seems  likely  that  there  would  be  a large  potential 
for  savings  in  that  sector.  Since  the  six  energy  intensive  industries 
consumed  85  percent  of  the  energy  used  by  industry  in  1971  [PI -74-8, 3], 
these  will  be  examined  in  some  detail -with  respect  to  the  conservation 
potential  and  current  conservation  status  in  Section  E.3. 

In  general  it  has  been  estimated  that  large  quantities  of  energy  can 
be  saved  in  the  industrial  sector  because  past  policy  has  been  to  build  and 
operate  plants  in  the  cheapest  manner  possible.  Given  the  "cheap"  energy 
of  the  past,  most  industrial  operations  have  been  large  energy  consumers 
and  much  of  the  energy  has  been  wasted.  Industry  is  now  evaluating  energy 
use  in  terms  of  economic  savings. 

There  are  varied  estimates  of  the  potential  savings  of  energy  in 
industry.  [NAS-74,51]  estimates  that  20  quads  .by  1985,  assuming  historical 
growth,  would  be  saved  through  materials  management  alone. 


5.3.1  SCENARIO  PROJECTIONS 

Projected  energy  use  under  the  three  scenarios,  historical  growth, 
technical  fix,  and  zero  energy  growth  considered  by  the  Ford  Report 
[Ford-74],  is  given  in  Table  E.3.1-1,  Appendix  E.3.  The  estimated  savings 
of  the  technical  fix  over  the  historical  growth  is  10.2  quads  by’ 1985  and 
’29.4  quads,  by  2000.  The  savings  of  the  zero  energy  growth  over  the  technical 
fix  is  estimated  to  be  ’2.1  quads  by  1985  arjd  14.7  quads  by  2000.  See  Tables 
E.3.1-2  and  E.3.1-3  in  Appendix  E.3.  [PI-74,172]  estimates  that  the  poten- 

tial savings  brought  about  by  increased  efficiency  in  industrial  processes 
is  1.5  quads/year  by  1935  with  oil  at  $lVbbl. 


5-5 


TABLE  5.2-1  COMSUMPTION  STATUS 


Consumption  of  energy  for  the  six  most  energy  intensive  manufacturing 
industries  for  1967  and  1971.  The  numbers  are  in  quads  and  are  from 


[EEA-74,1-30] 


1967 

1971 

Food  and  .kindred  products 

.77 

.92 

Paper  and  allied  products 

1.16 

1.31 

Chemicals  and  allied  products 

2.59 

2.78 

Petroleum  and< Coal  products 

2.56 

2.95 

Stone,  clay,  and  glass  products 

1.23 

1.37 

Primary  manufacturing 

4.08 

4.03 

All  manufacturing 

14.77 

15.94 

Fuel  use  by  type  is  presented  in  Appendix  E.2,7.  Consumption  data  obtained 
from  other  studies  and  reports  are  included  in  Appendix  E.2. 
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5.3.2  POTENTIAL  CONTRIBUTIONS  OF  RESEARCH  AND  DEVELOPMENT  TO  INDUSTRIAL 
ENERGY  CONSERVATION 

The  potential  for  contributions  from  research  and  development  (R&D) 
to  industrial  energy  conservation  is  generally  believed  to  be  quite 
large.  There  is  agreement  that  energy  savings  as  large  as  20  to  25% 
per  unit  of  output  are  possible  through  developing  such  technology 
as  more  efficient  machines  and  new,  low  energy  processes.  The  difficulties 
in  implementing  such  results  are  discussed  in  Appendix  E.3.8.  A methodology 
to  overcome  these  difficulties  is  displayed  on  Figure  E.3.8-1. 

The  salient  features  of  this  figure  are  requirements  I-IV  which 
are  the  following: 

I - Identify  High  Energy  Users 

II  - Identify  Technology  Needs  for  Energy  Conservation 
III  - Assess  Potential  Energy  Conservation  Technology 
IV  - Assess  Impacts  of  the  Technology  if  Implemented. 

Satisfying  requirements  I and  II  above  indicates  that  there  is  a 
large  potential  energy  savings  achievable  through  use  of  sophisticated 
existing  technology  (particularly  NASA's).  The  major  industrial  energy 
consumers  need  more  efficient  combustion  technology  and  better  sensors 
for  process  control.  Both  are  NASA  technological  strengths.  Introduction 
of  oxidizers  in  industrial  combustion  processes  as  is  done  in  rocket 
systems  offers  potential  for  large  energy  savings.  A 5%  efficiency 
improvement  in  25%  of  industrial  combustion  systems  will  result  in 
over  a 0.3  quads  saving  in  1975.  Details  are  discussed  in  Appendix  E.3.8. 

A partial  listing  of  applicable  NASA-developed  sensors  is  given  in 
Table  E.3.8-1.  It  should  be  noted  that  insufficient  time  was  available 
to  the  Design  Group  to  finish  requirement  III. 


Requirement  IV,  impact  assessment  methods,  have  been  developed  by 
the  task  group  as  a whole.  Estimates  of  energy  savings  in  a single 
industry  due  to  specific  technological  developments  must  first  be 
conducted.  Then  impact  assessment,  done  on  U.  S.  industry  as  a whole, 
must  also  be  executed  through  the  input-output  techniques  described 
in  the  preceding  sections.  Energy  savings  in  one  industry  should 
be  traced  through  all  industry  interactions  to  establish  impacts 
such  as  total  industrial  energy  savings.  Other  important  impacts 
which  may  result  from  this  analysis  are  changes  in  final  demand  for 
products  and  employment.  Thus,  complete  research  and  development 
strategies  with  well  defined  benefits  (and  accordingly,  high  probabilities 
of  success)  can  be  developed. 

In  conclusion,  it  seems  there  are  many  opportunities  for  sophisticated 
technology  in  general  and  NASA  technology  in  particular  to  satisfy  technical 
needs  which  will  bring  about  large  scale  industrial  energy  savings.  Un- 
fortunately, current  NASA  plans  do  not  call  for  aggressively  exploiting 
this  area. 
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5.4  GOVERNMENT  ACTIONS 

Government  actions  have  major  effects  on  energy  usage,  prices  and  avail- 
ability in  all  sectors  of  the  U.  S.  economy.  One  program  speaker  [GT-75] 
noted  that  all  U.  S.  energy  prices  are  set  on  legal  statute' rather 
than  cost  of  production.  State  regulation  of  natural  gas  prices  is  one  ex- 
ample, Another  example  is  the  Emergency  Petroleum  Allocation  Act  (EPAA)  of 
1973  which  sets  prices  for  "old"  crude  and  will  expire  August  31,  1975. 
Quantitative  prediction  of  the  impacts  of  "old"  oil  decontrol  are  listed 
in  Appendix  E.4.  It  seems  clear  that  energy  prices  affect  industry  in  two 
ways:  (1)  energy  prices  are  part  of  the  manufacturing  cost  (hence  price) 

and,  as  such,  influence  demand  for  any  industry's  output  and  (2)  prices  con- 
sumers pay  for  energy  also  influences  demand  (e.g.  automobiles).  Therefore, 
energy  prices  affect  industrial  output,  industrial  employment,  GNP,  etc. 

Federal  legislation  is  also  pending  which  will  directly  affect 
industrial  energy  usage  and  energy  efficiency  standards.  At  least  three 
bills  have  been  introduced  which  will  require  industry  to:  (1)  furnish 

energy  consumption  information  to  the  federal  government  and  (2)  implement 
plans  to  reduce  energy  usage  per  unit  of  output.  The  capital  requirements 
for  achieving  large  scale  energy  reductions  are  discussed  in  the  following 
section  in  this  chapter. 

Another  major  government  action  is  providing  funds  for  research  and 
development  of  energy  usage.  The  principal  agencies  are  ERDA  (Division 
of  Inter-industry  Programs)  [LS-75]  and  the  National  Bureau  of  Standards 
which  has  already  prepared  several  guides  to  industrial  energy  conservation 
(EPIC  Program  [EPIC-75]  and  the  Waste  Heat  Management  Manual). 

Other  legislative  influences  on  industrial  energy  use  are  state  and 
local  laws.  Most  existing  legislation  of  this  type  causes  excessive  energy 
usage  and  is  not  conducive  to  producing  energy  conservation.  [GT-75] 

Future  state  and  local  legislation  may  produce  energy  conservation  fay  such 
means  as  requiring  power  plant  siting  so  that  industry  will  be  able  to  use 
' plant  steam. 

In  summary,  government  actions  influence  and  regulate  industrial  energy 
and  conservation  as  much  as  any  other  factor. 


5.5  CONSERVATION  ACTIONS 

Conservation  actions  in  the  industrial  sector  can  generally  be 
grouped  into  three  broad  categories:  (1)  increased  combustion  efficiency, 

(2)  process  improvement  and  (3)  good  housekeeping  measures.  Another  im- 
portant type  of  conservation  action  is  reducing  demand  by  changing  end 
use  patterns.  This  type  of  conservation  action  is  discussed  in  Section 
E.2. 


5.5.1  CONSTRAINTS  — AN  OVERVIEW 


In  considering  the  three  broad  categories  of  actions,  certain 
constraints  and  criteria  were  identified.  Several  of  the  constraints  are 
imposed  by  industry  itself.  For  example,  industry,  in  general,  treats 
conservation  measures  involving  capital  improvements  the  same  as  any  other 
capital  outlay.  In  addition,  these  conservation  actions  must  have  a pay- 
bacl<  period  of  less  than  two  years.  [EEA-74,  4-24] 

Since  capital  dollars  spent  for  conservation  efforts  will  not  be 
available  for  other  improvements,  such  as  environmental  equipment  and 
cleaning,  there  may  be  a conflict  of  interest  in  the  allotting  of  budgeted 
money. 

Several  actions  outside  industry  itself  will  have  considerable  effect 
on  energy  consumption,  i.e. , government  regulations  requiring  a reduction 
in  the  quantity  of  lead  in  gasoline  and  the  desulfurization  of  fuel  oil. 

Thus,  one  can  see  that  in  some  cases  there  is  a direct  conflict  between 
environmental  standards  and  energy  conservation.  The  government  should 
recognize  that  there  may  be  a correspondingly  large  demand  for  capital  if 
industry  attempts  to  correct  the  situation  in  both  areas  simultaneously.  A 
large  demand  for  capital- might  result  in  rising  interest  rates  and  slow 
down  the  economic  recovery  of  the  country. 

One'  of  the  most  important  constraints  facing  the  manufacturing  sector 
at  the  present  is  natural  gas  curtailments  since  gas  accounts  for  roughly 
40%  of  total  consumption.  Conversion  away  from  natural  gas  toward  other 
fuels  has  been  taking  place  at  a rapid  rate.  Since  investments  in  this 
area  are  not  available  for  conservation  actions,  the  result  is  an  energy 
penalty. 

These  and  other  constraints  are  discussed  in  Section  E.5.1.  In  general, 
it  has  been  found  that  since  the  Arab  embargo.,  industry,  by  implonenting 
many  of  the  good  housekeeping  measures  listed  in  the  non-inclusive  list  of 
conservation  actions  found  in  Section  E.5.5,  has  reduced  energy  consumption 
by  about  7.5%  compared  to  1972  energy  consumption  levels  [Wells-75].  The 
fact  that  these  good  housekeeping  measures  not  only  conserve  energy  but  also 
require  little  or  no  capital  investment  while  returning  significant  rewards 
in  terms  of  money  saved  has  made  them  extremely  attractive  in  most  instances. 
Consequently,  most  of  the  good  housekeeping  measures  that  could  be  implement- 
ed quickly  have  already  provided  significant  savings  in  energy.  The  other 
two  broad  categories  of  actions  are  discussed  in  Section  5.5.2  and  5.5.3. 


5.5.2  INCREASED  COMBUSTION  EFFICIENCY 

Efficient  firing  of  fuel  is  extremely  important,  as  evidenced  by  the 
savings  attributed  to  a reduction  in  excess  air  from  20%  to  10%  — approxi- 
mately 0.15  quad  in  1980  and  0.18  quad  in  1985  assuming  -that  70%  of  the 
energy  consumption  is  involved  in  combustion,  and  using  the  Energy  and 
Environmental  Analysis,  Inc.  (EEA)  projected  consumption  of  22.2  quads  in 
1980  and  25.9  quads  in  1985.  These  assumptions  are  considerably  lower 
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than  historical  growth  projections j approximately  24  quads  were  used  in 
the  industrial  sector  in  1972  [NPC-74,27].  The  projections  of  the  EEA  study 
assumed  a 1.7%  decrease  in  energy  consumption  per  unit  of -output  through 
1980  and  1.9%  from  1980  to  1985.  Annual  energy  consumption  growth  rate  for 
the  manufacturing  sector  was  assumed  to  be  3.1%  per  year  which  is  slightly 
lower  than  the  past  trend  of  3.2%  per  year. 

Obviously,  some  conservation  actions  are  assumed  to  be  implemented 
in  order  to  arrive  at  this  decreased  energy  consumption  per  unit  of  out- 
put ratios  in  the  future.  However,  using  these  lower  projected 
consumption  figures  gives  lower  estimates  of  the  potential  savings  avail- 
able for  each  of  the  major  conservation  actions  discussed  in  this  chapter. 


Power.Generation  VS.  Purchased  Power 


Government  regulatory  attitudes  are  presently  discouraging  investments 
in  internal  power  generation  by  manufacturing  industries.  The  trend  toward 
increasing  reliance  on  purchased  electricity  is  believed  to  be  the  result 
of  industries'  concern  over  the  availability  of  fuel  supply,  in  terms  of 
natural  gas  curtailment  and  allocation  priorities.  Since  they  have  a lower 
allocation  priority  than  the  utilities,  industry  is  apparently  letting  the 
utilities  worry  about  the  fuel  supply  problem.  Unfortunately,  this  trend 
toward  increasing  reliance  on  purchased  power  will  result  in  the  loss  of 
significant  opportunities  for  improving  the  efficiency  of  energy  utiliza- 
tion. 


The  importance  of  this  issue  rests  with  the  inherent  inefficiencies 
associated  with  generating  electricity  at  central  power  stations  as  compared 
with  generating  electricity  on  site  and  recovering  the  waste  heat  or  using 
fuels  to  produce  mechanical  power.  Whereas  utilities  on  the  average  attain 
efficiencies  of-approximately  33%,  the  use  of  on-site  electrical  power 
generation  combined  with  recovery  of  waste  heat  results  in  an  overall  effi- 
ciency of  60-70%,  and  the. use  of  on-site  steam  generation  for  production  of 
mechanical  power  can  attain  efficiencies  of  about  80%. 

Using  Gyftopoulos' s [PFE-74,27]  estimates  for  the  potential  for  elec- 
trical generations  per  million  BTU  per  hr.,  and  other  assumptions  discussed 
in  Section  E.5.2  (50%  implementation  and  EEA's  projections),  the  potential 
for  energy  conservation  by  combining  power  generations  witfi  process  heat 
is  estimated  to  be  2.18  quads  in  1980  and  2.57  quads  in  1985.  See  Table 
E.5.2-1  for  an  estimate  of  potential  saving  by  industry.  Obviously,  these 
are  gross  estimates  since  the  50%  implementation-assumption  has  been  applied 
to  all  industries.  Some  industries  would  have  much  greater  potential  for 
electrical  generation  while  others  would  possess  much  smaller  potential.  In 
any  case,  the  overall  potential  saving  is  significant,  even  assuming  the 
extremely  low  overall  consumption  levels  projected  by  the  EEA  study. 

A gross  estimate  of  the  capital  required  to  install  cogeneration  facil- 
ities in  50%  of  the  manufacturing  sector  by  1980  is  $2.42  billion  and  the 
fuel  cost,  at  .41^:/  KWh,  would  be  $2,.07  billion.  If  the  generated  elec- 
tricity were  sold  or  used  at  the  rate  of  1.60^/kWh,  the  return  or  the  quan- 
tity generated  would  be  $8.1  billion  (payback  period  of  less  than  a year). 
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Since  no  consideration  of  interest  rates,  employee  salaries,  etc.  was  attempt- 
ed at  this  point,  this  is  an  extremely  simplified  attempt  to  show  that  the 
economics  of  cogeneration  may  be  encouraging  even  though  monumental  obstacles 
(federal  power  commission  regulatory  procedures,  effect  on  utilities,  assur- 
ance of  fuel  supply,  etc.)  must  be  overcome  before  any  significant  progress 
can  be  made.  Some  of  these  obstacles  are  discussed  in  Section  E.5.2. 


5.5.3  PROCESS  IMPROVEMENT 

Air  preheating  and  recycling  are  the  two  conservation  actions  chosen 
to  illustrate  actions  in  this  area. 


Regenerative  Air  Preheating 

Studies  have  shown  that  inclusion  of  a regenerative  air-preheater 
system  can  result  in  a 10-15%  increase  in  furnace  efficiency,  which 
represents  a 15-25%  fuel  savings.  [EEA-74,  4-26]  This  fuel  savings 
represents  2.3  to  3.9  quads  in  1980  and  2.7  to  4.5  quads  in  1985  based 
on  the  EEA  study  projections.  Estimates  of  capital  investment  based  on 
Prengle's  [PRE-74]  total  capital  investment  versus  heat  recovered  plot 
(Figure  E. 5. 3. 1-2}  range  from  $.2  to  $.3  billion  in  1980  and  $.22  to  $.34 
billion  in  1985.  Estimated  payback  periods  at  various  fuel  costs  indicate 
a payback  period  of  less  than  2 years. 


Introduction  of  Previously  Processed  Materials  Into  the  Production  Stream 

The  total  output  of  a manufactured  product  is  the  sum  of  primary  and 
secondary  production.  Most  frequently,  the  secondary  production  includes 
recycled  materials  as  outputs  from  processing  products  (old  scrap).  Less 
frequent,  but  just  as  important,  is  the  introduction  of  filler  materials 
which  are  less  energy  intensive  but  which  provide  an  end  product  with 
the  desired  properties.  The  secondary  production  takes  advantage  of  the 
previous  energy  history  of  the  material  with  the  tendency  to  reduce  the 
energy  per  unit  total  output. 

Scrap  can  and  will  play  a vital  role  as  the  raw  material  for  secondary 
production  in  the  aluminum,  steel,  glass,  paper,  and  cement  industries. 

Recycling  scrap  aluminum  with  an  accompaning  energy  savings  of  0.2 
quads  is  technically  feasible  and  easily  implemented  if  the  supply  is 
reliable.  The  major  impacts  are  in  the  area  of  assuring  the  supply  and 
the  balance  of  payment  problem  — the  amount  of  ore  (bauxite)  imported  is 
reduced. 

Approximately  a one  quad  savings  can  be  obtained  by  recycling  scrap 
steel.  However,  a large  capital  expenditure  in  the  form  of  conversion 
from  open  hearth  to  the  basic  oxygen  or  to  the  electric  furnace  is  required. 
Thus,  even  though  the  process  is  highly  favorable  from  a technological 
standpoint,  it  will  not  be  very  easily  implemented  unless  there  is  growth 
in  the  industry. 
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Recycling  of  glass  within  the  glass  industry  does  not  look  very  prom- 
ising even  though  approximately  0.006  quads  could  be  saved  through  recycling. 
The  obstacles  encountered  include  a predicted  reduction  in  the  use  of  glass 
containers.  One  interesting  idea  in  the  area  of  glass  recycling  is  the 
possibility  of  recycling  scrap  glass  into  the  fiberglass  industry.  However, 
the  net  energetics  and  barriers  to  implementation,  as  well  as  the  advantages 
accompanying  such  an  action  would  need  to  be  evaluated  before  such  an  action 
is  seriously  proposed. 


5.5.4  SPECIFIC  ACTIONS  BY  INDUSTRY 

A few  of  the  actions  being  considered  by  specific  industries  are 
discussed  in  Section  E.5.4.  However,  in  some  cases,  certain  actions  could 
be  applied  to  industry  as  a whole. 

5.5.5  CONSERVATION  ACTIONS 

A noninclusive  list  of  some  of  the  conservation  actions  proposed  by 
various  reports  and  individuals  is  included  in  Section  E.5.5. 


5.6  ASSESSMENT  AND  IMPACTS 

As  a result  of  looking  at  the  potential  for  conservation  in  industry, 
certain  areas  requiring  additional  analysis  have  been  noted.  This  section 
is  an  attempt  to  pull  together  some  of  the  impacts  that  have  been  addressed 
in  various  reports  as  well  as  some  that  have  been  generated  as  the  group 
worked  on  the  actions.  Obviously,  all  of  the  areas  impacted  cannot  be 
identified  by  looking  at  the  industrial  sector  in  isolation.  Most  of  the 
considerations  deal  with  interactions  between  the  industrial  sector  and  the 
other  sectors  of  the  economy.  A more  thorough  consideration  of  these  impacts 
is  presented  in  Chapter  8. 

Estimates  of  future  total  capital  requirements  vary,  but  to  Treasury 
Secretary  William  Simon,  ".  . . it  is  relatively  clear  that  in  coming  years 
we  will  have  to  devote  approximately  three  times  as  much  money  to  capital 
investments  as  we  have  in  the  recent  past"  [Simon-75].  Since  1 1/2  trillion 
dollars  was  invested  from  1962-1972,  our  future  requirements  will  be  in  the 
neighborhood  of  4 1/2  trillion  dollars  for  the  period  1974-1985.  This 
capital  is  simultaneously  earmarked  for  new  plant  and  equipment,  improving 
the  quality  of  the  environment,  new  construction,  and  the  development  of 
new  energy  sources;  the  capital  is  also  earmarked  for  increasing  productive 
capacity.  In  light  of  these  demands  on  the  capital,  one  might  ask  whether 
there  will  be  a capital  shortage  and  adequate  funding  to  develop  and  imple- 
ment conservation  actions. 

To  put  this  assessment  in  perspective,  compare  4 1/2  trillion  dollars 
to  a rule  of  thumb  estimate  of  the  supply  of  loanable  funds  for  the  period 
1974-1985.  Assuming  a savings  rate  of  10%,  and  nominal  growth  at  5%,  total 
savings  for  the  period  1974-1985  would  amount  to  a little  over  2 1/2  trillion 
dollars  [Santemaro-75].  One  way  to  ease  this  deficit  would  be  to  increase 
the  savings  rate  or  change  the  output  of  some  sectors.  It  should  be  under- 
stood, however,  that  the  tradeoff  would  be  a shift  away  from  a consumption 
orientation. 
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Not  all  investment  projects  have  equal  implications.  Those  funds  which 
replace  plants,  equipment,  and  increase  productive  capacity  make  it  possible 
for  the  "economic  pie"  to  increase  in  the  future.  Investments  mandated  by 
government,  such  as  those  aimed  at  promoting  safety  and  securing  a clean 
environment,  do  not  increase  total  productive  capacity.  Investments  for 
energy  conservation  fall  somewhere  in  between. 

Conservation  investment  made  as  a response  to  higher  fuel  prices  and 
which  have  short  payback  periods  will  be  more  likely  to  attract  the 
necessary  capital  than  long-term  investment  projects.  Relatively  short- 
run  investments' provide  a' hedge  against' future  variations' in  the  Tate  of' 
inflation.  The  cost  of  capital  for  conservation  implementation  depends  on 
the  accrued  savings  obtained  through  conservation.  As  fuel  prices  go  up 
it  becomes  more  attractive  to  use  capital  for  conservation.  In  a tight 
capital  market  the  increased  use  of  funds  for  conservation  will  be 
accompanied  with  higher  interest  rates.  This  should  not  put  a strain 
on  industry  conservation  investment,  as  the  returns  from  conservation  are 
expected  to  still  warrant  paying  the  higher  interest  rates.  However, 
investment  for  other  uses  may  be  sharply  affected  by  higher  interest 
rates. 

Conservation  actions  imposed  on  industry  by  government  which  have 
long  payback  periods  may  reduce  overall  production  and  investment  for 
new  plants,  equipment,  and  capacity.  As  operating  costs  increase,  one 
can  look  forward  to  prices  being  passed  through  and  reflected  in  higher 
retail  prices.  The  reduction  in  plant  investment, along  with  the  destabil- 
izing effect  that  these  price  changes  have  on  inflation  and  final  demand, 
suggest- a much  more  uncertain  future. 

The  economic  feasibility  of  many  of  the  energy  conservation  actions 
presently  being  considered  is  discussed  in  terms  of  a payback  period  of 
two  years  or  less.  In  addition, the  conservation  action  must  be  able  to 
compete  with  other  measures  on  the  same  basis.  Although  this  constraint 
imposed  by  industry  in  general  is  understandable  from  the  industrial 
point  of  view,  not  instituting  such  measures  entirely  on  economic  grounds 
is  difficult  to  justify.  For  example,  even  though  a conservation  action 
may  require  a large  capital  investment  resulting  in  a payback  period  of 
several  years,  its  potential  for  savings  and  other  advantages  such  as 
employment  of  additional  workers  should  be  examined  and  evaluated  before 
the  decision  not  to  implement  the  action  is  made.  If.  the  action  does 
indeed  offer  a large  potential  savings  and  has  other  positive  impacts, 
then  the  possibility  of  an  accelerated  tax  write-off  rate  to  companies 
who  cannot  afford  to  implement  this  conservation  action  should  be 
considered. 

In  many  instances  industry  will  be  forced  to  commit  large  capital 
expenditures  for  pollution  equipment.  These  capital  expenditures  will 
compete  for  capital  funds  that  will  be  needed  to  implement  conservation 
actions.'  For  example,  an  article  in  the  July  26,  1975  issue  of  the 
Tampa  Times  [TT-75]  commented  on  the  "relatively  small"  cost  of  environmental 
cTeanup  in  the  refining  industry  by  1983.  The  nonprofit  Council  on  Economic 
Priorities  estimated  that  the  petroleum  industry  would  have  to  install 
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pollution  control  equipment  valued  at  $3  to  $4  billion  by  T983.  The  amounts 
needed  for  pollution  control  do  not  seem  so  huge  in  comparison  to  the 
nearly  $1  trillion  (based  on  1974  dollars)  estimated  by  Chase  Manhattan 
Bank  to  be  spent  on  all  capital  investment  in  the  refining  industry  over 
the  next  decade,  "This  industry  deals  in  billions  of  dollars  almost  as  a 
■matter  of  course,  and  $3-$4  billion  does  not  seem  to  be  an  impossible 
amount  of  money  for  the  industry  to  raise."  [TT-75J 

The  preceding  statement  concerning  the  "relatively  small"  cost  of 
environmental  cleanup  could  also  be  applied  to  the  cost  of  energy 
conservation  actions.  In  addition,  the  fact  that  saving  energy  means 
saving  money  makes  these  capital  expenditures  more  attractive.  Hov/ever, 
environmental  cleanup  is  already  legislated  and  energy  consumption  reduction 
is  voluntary.  The.  question  arises  as.  tO' whether  there  will  be  a,  trade- 
off with  some  other  area  of  the  industrial  budget.  For  example,  the 
conservation  measure  may  be  implemented  but  R & D may  be  cut,  or  some 
employees  may  be  laid  off,  or  traveling  expenses  may  be  reduced.  Obviously 
cutbacks  in  any  of  these  areas  will  impact  still  other  areas.  A reduction 
in  travel  expenses, for  example,  may  reduce  the  number  of  airplane  trips  a 
business  may  take  — a secondary  impact  which  may  or  may  not  result  in  a 
reduction  of  energy  consumption.  If  a company  plane  is  involved,  there 
•may  be  a reduction  in  the  number  of  flights  but  if  the,  businessmen  are 
using  commercial  flights,  then  these  companies,  may  be  affected  by  a 
reduction  in  passenger  loads.,  etc.  Other  areas  where  environmental 
restrictions  may  impact  directly  on  energy  consumption  include: 

Restriction  of  the  use  of  lead  in  gasoline  has  resulted  in 
increased  energy  use. 

Reduction  in  coke  production  in  the  steel  industry  due  to 
problems  in  meeting  the  air  and  water  quality  standards,  which, 
in  turn,  has  increased  the  use  of  direct  oil  injection  in 
blast  furnaces. 

Desulfurization  of  residual  fuel  oil  to  comply  with  environ- 
mental regulations  requires  an  equivalent  of  3-4%  of  the 
quantity  of  oil  processed. 

GovernmenL  requirements  for  sterilization  and  cleanliness  partially 
offset  trends  towards  lower  energy  requirements  by  adding  to  the 
already  high  consumption  of  energy  for  cooling  and  refrigeration 
[EEA-74,74]. 

Many  of  the  government  regulations  imposed  on  the  food  and  meat 
industries  involve  the  consumption  of  large  amounts  of  energy. 

Some  industry  experts  believe  a relative  relaxation  of  the 
regulations  would  not  affect  meat  quality.  It  is  possible 
that  recently  proposed  regulations  will  be  postponed  in  an 
attempt  to  curtail  rising  industry  energy  requirements  [EEA- 
74,7-6]. 
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An  impact  area  which  has  been  used  to  manipulate  industries'  energy 
usage  is  the  importation  of  energy  intensive  materials.  The  materials 
may  be  introduced  at  various  times  in  the  production  stream,  although  the 
major  use  is  at  the  beginning  as  raw  materials  imported  ore).  This 
effectively  reduces  the  energy  used  in  the  U.  S.  The  impact  of  such 
importation  has  both  political  and  economic  impacts,  heavy  dependence  on  a 
foreign  service  and  balance  of  payments  . A major  change  in  the  steel 
industry  may  be  the  increased  use  of  high  grade  foreign  ore  to  reduce 
energy  cost.  The  aluminum  industry  is  already  a heavy  importer. 

Recycling  is  often  promoted  as  a major  conservation  action.  A major 
obstacle  is  the  reliability  of  di'scarded  products  being  recycled'.  The 
removal  of  material  from  the  waste  stream  is  aggravated  by  diffusion.  In 
order  to  insure  reliability  there  must  be  major  political  and  social 
changes. 

One  of  the  major  actions  discussed  in  Section  E.3.2  was  cogeneration  of 
electricity.  Higher  fuel  and  electric  .costs  could'  provide  the  needed  incentive 
to  increase  the  generation  of  electricity  on  site  at  plants  having  large 
steam  loads.  However,  uncertainties  about  fuel  supply  could  offset  the 
effect  of  high  fuel  cost  on  combined  steam/el ectric  generation  desirability. 

As  discussed  in  Section  E:.3.2,  assuring  fuel  supply  might  be  an  additional 
incentive  to  'industry  to  encourage  cogeneration.  It  appears  that  the 
economics-  favor  the  installation  of  such  generating  equipment  if -industry 
could  sell  the  excess  electricity  generated. 

Obviously,  the  implementation  of  -this  action  requires  considerable 
mediation  between  the  utilities  and  industry.  Much  of  this-  interaction 
will  be  discussed  in  Chapter  8. 
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CHAPTER  6.  ENERGY  CONSERVATION  AND  THE  TRANSPORTATION  SECTOR 


The  United  States  possesses  a remarkable  transportation  system  which 
has  given  individuals  a degree  of  mobility  and  the  nation  as  a whole  a 
capacity  for  movement  of  goods  unequaled  in  history.  But  this  system 
carries  an  energy  price-^approximately  25%  of  the  nation's  energy  is 
consumed  directly  in  the  operation  of  the  system.  The  technologies 
and  methods  for  achieving  a substantial  reduction  in  this  energy  price 
are  well  known.  Not  so  well  known  are  the  motivations  which  will 
lead  to  implementation  of  these  technologies  and  methods.  The  focus  of 
this  chapter  is  to  illustrate  the  present  status  and  to  explain  why  it  is 
imperative  that  the  most  desirable  of  these  technologies  and  methods  be 
selected  for  implementation. 


6.1  INTRODUCTION 

The  transportation  sector  is  comprised  of  various  .modes:  railroad, 
ships,  truck,  auto,  pipeline,  barge,  and  aviation.  Each  of  these  modes 
has  certain  inherent  advantages  for  specific  types  of  shipment,  commodities, 
convenience,  speed  and  energy  consumption. 

An  intelligent  appraisal  of  energy  usage  by  the  various  modes  in  the 
transportation  sector  requires  an  understanding  of  the  relative  energy 
efficiencies,  or  conversely,  the  energy  intensiveness  (El)  of  the  various 
modes.*  Hirst  has  developed  estimates  of  El  for  various  transport  modes. 
[Hirst- 7 3],  His  study  defined  in  detail  historical  changes  in  El  for  the 
period  1950-1970.  The  contributions  of  changes  in  freight  and  passenger 
traffic  levels,  modal  mix  patterns,  and  individual  modal  El's  to  changes 
in  total  transportation  were  computed.  The  El's  developed  by  Hirst  for 
the  year  1970  will  be  considered  applicable  at  present. 


♦Energy  intensiveness  (El)  is  defined  as  BTU/ton-mile  for  freight 
and  BTU/passenger-mile  for  passenger  traffic.  El  is  the  inverse  of 
energy  efficiency.  It  is  important  to  remember  that  energy  efficiency 
is  a function  of  two  factors:  technical  efficiency  (capacity/ BTU)  and 

load  factor  (percentage  of  capacity  utilized).  For  example:  passenger 

mile/BTU=seat-mile/BTU  x passenger-mile/seat-mile. 
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The  El  of  the  United  States  transportation  system  shows  a historical 
increase  across  all  modes  with  the  exception  of  the  railroads.  The 
decline  in  railroad  El  is  a result  of  the  conversion  of  the  railroads 
from  coal  to  oil  during  the  decades  1940-1960.  Figures  6.1-1  and  6.1-2 
present  the  historical  variation  in  El  for  the  various  modes  for  intercity 
transportation  of  passengers  and  freight.  Preliminary  indications  are 
that  the  El's  are  relatively  stable  at  this  time. 


6.1.1  PASSENGER  TRAFFIC 

Passenger  traffic  and  freight  traffic  show  distinctive  differences 
in  modal  usage  I Intercity  passenger  traffic  is  carried  primarily  by  auto- 
mobiles with  airplanes,-  buses  and  railroads  making  minor  contributions. 

The  variation  in  El  between  these  modes  is  pronounced,  although  not  as 
great  as  for  freight  transport.  As  shown  previously  in  Figure  6.1-1, 
buses  and  railroads  are  the  most  efficient  modes.  The  trend  in  passenger 
traffic  distribution  among  the  modes  has  been  to  increase  the  percentage 
of  traffic  carried  by  the  modes  with  the  greatest  El.  This,  coupled  with 
an  expanding  traffic  base,  has  led  to  a 155%  increase  of  energy  use  in 
intercity  passenger  traffic  between  1950  and  1970.  [Hirst -73].  Figure 
6. 1.1-1  shows  the  1970  intercity  traffic  and  energy  distributions.  Note 
that  airplanes,  because  of  their  high  El,  account  for  10%  of  the  traffic 
while  consuming  22%  of  the  energy.  Urban  passenger  traffic  displays 
gross  differences  from  intercity  passenger  traffic  in  modal  choice.  Urban 
passenger  traffic  moves  almost  exclusively  by  car  with  a small  and 
declining  percentage  carried  by  mass  transit  (either  bus  or  rail). 

Figure  6.1-1  shows  the  El  for  autos  as  compared  to  mass  transit.  Note 
that  urban  values  for  passenger  El  are  more  than  double  the  values  for 
intercity  El  values  due  to  poorer  vehicle  performance  and  poorer  utiliza- 
tion. Figure  6. 1.1-2  shows  the  1970  url^an  passenger  traffic  and  energy 
distributions.  Autos  account  for  the  bulk  of  both  energy  and  traffic. 

The  relative  efficiency  of  mass  transit  is  demonstrated  by  its  smaller 
share  of  the  energy  distribution. 


6.1.2  FREIGHT  TRAFFIC 

Freight  traffic  El's,  as  shown  in  Figure  6.1-2,  for  intercity  traffic 
vary  grossly  by  mode.  Pipelines  and  ships  are  the  most  efficient  modes, 
followed  closely  by  the  railroad.  Trucks  and  airplanes  are  comparatively 
inefficient.  The  railroads  experienced  (and  continue  to  experience)  a 
steady  decline  in  their  percentage  of  intercity  freight  moved.  This 
decline  is  offset  by  increases  in, truck,  aircraft  and  pipeline  traffic. 


ENERGY  INTENSIVENESS  (B{«/passenger-mile) 
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FIGURE  6.1-1.  HISTORICAL  VARIATION  IN  ENERGY  INTENSIVENESS 
FOR  PASSENGER  MOOES  [Hirst  - 733 
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FIGURE  6.1.I-1.  1970  INTER-CITY 
PASSENGER  TRAFFIC  AND  ENERGY 
DISTRIBUTIONS.  [HIRST-73] 
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FIGURE  6. 1.2-1.  1970  INTER-CITY 

FREIGHT  TRAFFIC  AND  ENERGY 
[Hirst-73] 
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Overall,  freight  traffic  El  declined  during  the  decades  1950-1970, 
due  to  the  rail  transition  from  coal  (steam)  to  oil  (diesel).  But  this 
was  a one-time  gain  and  the  overall  El  can  be  expected  to  rise  if  freight 
traffic  continues  to  shift  to  modes  with  higher  (and  growing)  El's. 

Figure  6. 1.2-1  shows  the  1970  intercity  freight  traffic  and  energy 
distributions.  The  higher  El's  of  airplanes  and  trucks  are  reflected  in 
the  disproportionately  high  energy  consumption  compared  to  the  amount 
of  freight  moved. 


6.2  TOTAL  ENERGY  USE  IN  TRANSPORTATION 

The  foregoing  discussion  of  energy  intensiveness  provides  a background 
for  understanding  energy  usage  in  transportation.  Mutch  has  developed 
data  showing  energy  consumption  by  modes  for  total  passenger  and  total 
freight  traffic  for  1971.  [Mutcfc-73]  This  data  is  displayed  in  Figure 
6,2-1.  The  distribution  of  energy  and  traffic  displayed  in  thisffgure  is 
consistent  with  the  El  trend  developed  by  Hirst. 

The  total  energy  consumption  in  the  transportation  sector  has  shovm 
a continuous  growth.  Figure  6.2-2  displays  this  growth  in  consumption. 

An  increasing  population,  increasing  travel  per  capita,  and  a shift  to 
more  energy  intensive  modes  have  all  contributed  to  an  energy  consumption 
growth  rate  of  4-5%  per  annum  since  1955.  However,  total  energy  consump- 
tion nationally  has  grown  at  approximately  a parallel  pace  with  trans- 
portation thereby  accounting  for  a continuing  near  constant  25%  of  the 
total.  As  shown  in  Figure  6.2-2,  there  has  been  an  increase  in  the  percentage 
of  energy  used  for  passenger  transport  and  a 'decrease  in  freight  and  military 
transport.  Again,  this  -is  an  indication  of  the'  United  States'  selection  of 
modes  with  higher  El  characteristics. 


Transportation  has  not  only  historically  shifted  to  modes  which  are 
more  energy' intensive,  but  the  fuel  mix  has  shifted  to  essentially  all 
petroleum  (Figure  6.2-1).  Over  95%  of  transportation  energy  needs  come 
from  petroleum,  which  indicates  how  heavily  our  transportation  system 
relies  on  this  energy  source.  Capabilities  of  shifting  to  other 
energy  sources  are  extremely  limited.  Any  major  shift  to  alternate  fuels 
will  require  massive  investments  and  long  periods  of  time.  These  problems 
will  be  discussed  subsequently.  Figure  6.2-3  and  Figure  6.2-4  display 
the  total  domestic  transportation  energy  consumption  by  mode  for  passenger 
and  freight  transportation  for  the  years  1955-1971. 

Table  6.2-1  compares  modal  energy  use  for  1955  and  1971.  [Mitch-73] 
All  modes  except  marine  shipping  and  railroads  show  increased  energy 
consumption  over  the  period.  Automobiles  were  the  biggest  consumers  of 
energy  in  passenger  transportation,  while  trucks  were  the  major- consumer 
of  energy  in  freight  transportation.  These  two  modes  are  least  amenable 
to  substitution  of  fuel  sources  under  present  technology. 
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9-9 


cc 

z 

o 


Cxi 

o 

< 

zz> 

cr 


o 

t-H 

H- 

D. 


o 

o 

>- 

o 

02: 

UJ 

z: 

UJ 


FIGURE- 6.2-2.  U.  S.  TRANSPORT  ENERGY  CONSUMPTION 
BY  END  USE,  1955-1971  [Mutch-73] 


FIGURE  6.2-3.  DOMESTIC  PASSENGER  TRANSPORT  ENERGY  CONSUMPTION 
BY  MODE,  1955-1971  [Mutch-73] 
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FIGURE  6.2-4.  DOMESTIC  FREIGHT  TRANSPORT  ENERGY  CONSUMPTION 
BY  NODE,  1955-1971  [Hutch-73] 
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TABLE  6.2-1 


SUMMARY  OF  MODAL  ENERGY  USE,  1955  and  1971 


[Mutch -73] 


1955 

■■BHI 

Change  In 

Mode 
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Modal  Share 
f percent ) 

Quads 

BTU 

Modal  Share 
(percent) 

HiliMI 

Modal  Share 
Percentage 

DOMESTIC 

Passenger 

106 

Automobile 

A.19 

44.6 

8.65 

48.2 

3*6 

Air 

.11 

1.2 

.85 

4.8 

681 

3.6 

Railroad 

.11 

1.1 

.02 

0.1 

(77) 

(1.0) 

Marine 

.02 

0.2 

.08 

0.4 

305 

0.2 

Other 

.10 

1.1 

.16 

0.9 

60 

(0.2) 

Total 

4.53 

48.1 

1 

: 9.77 

54.4 

116 

6.3 

Freight 

1 

107 

1.5 

Trucking 

1.66 

17.7 

3.45 

19.2 

Air 

.02 

0.2 

.23 

1.3 

1010 

1.1 

Pipeline 

.63 

1.59 

8.9 

152 

2.2 

Railroad 

.74 

.52 

2.9 

(30) 

(5.0) 

Marine  shipping 

.33 

.34 

1 .9 

5 

(1.6) 

Total  ! 

3.38 

36.0 

6.13  1 

34.1 

81  ) 
i 

(1.9) 

Military 

.57 

6.1 

.78 

4.4 

37  ■ 

(1.7) 

Total  Domestic 

8.48 

90.2 

16.68  ; 

92.9 

1 97 
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INTERNATIONAL 

Passenqer-Air 

.02 

0.2 

1 

.20 

1.1 

871 

0.9 

Freight 

1073 

Air 

. .01 

.13 

0.7 

0.6 

Shipping 

.46 

.28 

1.5 

(3.4) 

Total 

.47 

.41 

2.2 

(14:) 

(2.6) 

Military  (total)' 

4.6 

. 66 

3.4 

53 

(1.2) 

Total  International 

9.8 

1.26 

7.1 

38 

1 (2.7) 
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6.3.  CONSERVATION  STATUS 


The  transportation  sector  offers  unequaled  potentials  for  conservation. 
While  little  potential  exists,  in  the  short  and  middle  term,  for  substitution 
of  alternate  fuels,  much  can  be  done  to  reduce  demand  and  increase  effi- 
ciency of  the  system.  The  present  conservation  status  and  potential  is 
more  understandable  if  the  characteristics  of  the  sector  and  the  legal 
environment  in  which  it  operates  is  understood. 


6.3.1.  CONSERVATION  BY  SUBSTITUTION  OF  SCARCE  RESOURCES. 

The  basic  scarce  resource  in  transportation  is  petroleum.  Substitu- 
tion of  alternate  fuels,  with  the  exceptions  of  methanol,  hydrogen,  or 
liquefaction  and  refining  of  coal,  implies  the  demise  of  the  internal 
combustion  engine.  Research  is  underway' for  the  development  of  these 
fuels  for  internal  combustion  fuels.  The  development  of  improved  battery 
systems  necessary  for  a practical  electrical  automobile  is  also  in 
progress.  These  alternatives  are  all  practical  only  in  the  middle  to 
long  term. 


6.3.2.  CONSERVATION -BY  REDUCED  DEMAND. 

Reduced  demand  offers  some  potential  for  energy  conservation.  But 
the  social  and  demographic  development  of  this  nation  has  occurred  under 
conditions  offering  relatively  cheap  transportation.  .Since  dominant 
transportation  activities  occur  in  conjunction  with  economic  activity, 
reductions  in  demand  are  inextricably  linked  to  levels  of  economic 
activity  and  reductions  in  one  may  imply  reductions  in  the  other. 


6.3.3.  CONSERVATION  BY  IMPROVED-  EFFICIENCIES 

■[he  United  States  transportation  system  is  characterized  by  excess 
capacity.  The  most  damning  Indication  of  this  excess  capacity  is. -perhaps 
the  load  factor  displayed  by  the  vari'ous  modes.  The  cost  of  this  excess 
capacity  is  reflected  in  many  forms  ~ energy  waste,  excess  capital  cost, 
as  well  as  the  direct  cost  to  the-  consumer  in  terms  of  high  fares  and 
freight  rates. 

- Regulatory  policies  have  undoubtedly  had  major  impact  in  creating 
this  excess  capacity,  as  well  as  encouraging  its  poor  utilization.  For 
example,  each  mode  has  certain -inherent  advantages  in  various  types  of 
traffic,  and  federal  regulatory  policy  has  obscured  these  to  a great  degree. 
Barge,  rail,  and  pipeline  maintain  an  inherent  cost  advantage  in- the  long- 
haul  transportation  of  bulk  commodities.  Motor  carriers  maintain  their 
inherent  advantage  in  smaller  point-to-point- shipments  with  shorter  distance 
and  speedier  deliveries.  The  Interstate  Commerce  Commission  (ICC)  has 
followed  policies  in  setting  up  rate  structures  largely  negating  these 

inherent  advantag.es  [Fellmeth-70,60j.  Consequently,  modal  selection 
IS  not  optimized. 


A second  shortcoming  of  regulatory  policy  has  been  the  tacit  encour- 
agement of  poor  utilization  of  capacity  within  modes.  Examples  of  this 
are  manifold.  Trucks  are  frequently  denied  the  right  to  follow  the 
shortest  or  most  efficient  route,  and  backhauls  are  either  not  permitted 
or  have  severe  restrictions.  Airline  routes  suffer  from  excess  capacity 
and  are  forced  to  resort  to  non-price  competition.  Examples  of  this 
competition  appear  in  the  form  of  gourmet  meals  and  other  special  services. 

An  obvious  potential'  for  conservation,  then,  exists  in  the  operation 
of  the  transportation  system  without  delving  into  equipment  changes.  A 
thorough  evaluation  of  the  possible  transportation  regulatory  policy 
alternatives  and  their  impacts'  on  modal  selection  and  operation  is  long 
past  due.  Major  improvements  in  energy  utilization  may  well  be  realized 
by  strictly  political  action  in  the  regulatory  field. 

A third  obvious  potential  for  conservation  is  in  the  efficiency  of 
the  hardware  used  in  the  system.  One  only  has  to  look  at  the  percentage 
of  energy  used  in  passenger  transportation  (Figure  6.2-2)  and  then  look 
at  the  portion  of  this  energy  devoted  to  the  automobile  (Figure  6.2-3) 
to  realize  that  the  automobile  is  a prime  target  for  energy  conservation. 
And  what  has  been  the  trend  in  automobiles?  Declining  fuel  mileage  and 
vehicle  utilization  have  contributed  to  make  the  El  of  this  mode  one  of 
the  worst  of  all  the  modes.  Conservation  actions  which  affect  the  energy 
consumption  of  the  automobile,  as  well  as  those  actions  which  discourage 
its  use,  must  obviously  be  of  a high  priority. 

The  same  sort  of  argument  as  made  in  the  previous  paragraph  con- 
cerning the  automobile  may  well  be  made  with  the  trucking  industry  in 
freight  movement.  The  trucking  industry  is  a prime  target  for  conserva- 
tion actions  in  the  area  of  hardware.  'Declining  fuel  mileage  is  much  in 
evidence  in  the-last  decade,  albeit  load  capacity  increases,  have  negated 
to  an  extent  these  mileage  losses.  Higher  powered  engines  may  well 
be  an  anachronism  under  the  present  lowered  speed  limits  and  could  be 
derated  with  a considerable  vehicle  mileage  gain.  [Smart-75] 


6,4  GOVERNMENT  ACTION  STATUS 

The  Legislative  and  Executive  branches  of  government  have  both  put 
forward  numerous  and  conflicting  proposals  affecting  energy  conservation 
in  the  transportation  sector.  The  present  agonies  in  the  establishment  of 
a national  energy  policy  reflect  the  way  our  government  system  functions. 
The  Executive  is  willing  to  let  price  -determine  conservation  action, 
while  Congress  would  rather  rely  on  regulatory  policy. 


6.4,1  REGULATORY  POLICY  AND  MODES 

Regulatory  policies  for  all  modes  are  presently  under  review.  Lowered 
speed  limits  are  the  most  visible  policy  change,  but  other  changes,  such  as 
revision  of  ICC  rate-making  procedures  are  also  being  considered.  The 


rationalization  of  transportation  rates  to  reflect  modal  advantages  has 
broad  support.  Proposals  to  de-regulate  large  segments  of  the  trans- 
portation industry  are  being  considered.  These  changes  in  regulatory 
policy  are  aimed  primarily  at  modal  selection  optimization  and  utilization 
of  equipment. 


6.4.2  REGULATORY  POLICY  AND  HARDWARE 

The  Congress  is  considering  (at  the  time  of, this  writing)  a number  of 
proposals  legislating  minimum  mileage  performance  standards  for  new  cars 
and  trucks.  Typical  of  this  legislation  is  Senate  Bill  1883,  which  would 
subject  a manufacturer  to  heavy  penalties  for  failing  to  meet  performance 
standards.  It  is  noteworthy  that  most  proposed  legislation  is  aimed  at  ^ ■ 
achieving  a specific  performance  and  not  prescriptive  in  the  method  by  which 
these  goals  are  achieved. 


6.5  SELECTED  CONSERVATION  ACTIONS 

In  the  rematnder  of  tPiis  chapter,  the  discussion  centers  about  actions 
capable  of  achieving  energy  conservation  in  tfiis  sector.  An  attempt  has 
been  made  to  document  the  methodology- that  was  used  in  identifying  and 
analyzing  these  actions. 

The  transportation  task  group  stated  its  goal  as  the 
identification  of  a set  of  energy  conservation  measures 
which  merit  consideration  in  carrying  out  a public 
policy  of  energy  conservation.  These  actions  are 
proposed  within  the  geperal  constraint  of  achieving 
a long-range  goal  of  a more  effective  and  efficient 
transportation  system  to  serve  this  country's  needs. 

Consideration  of  their  social,  political,  environmen- 
tal, and, economic  impacts  was  integral  to  this  analysis. 

A data  base  was- established  in  order  to  evaluate  present  status 
and  the  broad  categories  in  which  energy  conservation  could  be  achieved 
were  identified.  These  categories  have  been  identified  .as  improved 
system  effi cl encyi, ^.substitution  for  scarce  resources,  and  curtailment  of 
end  use.  Within  each  of  these,  sub-categories  were  established,  and 
specific  actions  with-in  the  sub-categories  were  identified.  Table- 6.5-1 
lists  the  principal  meaps  of  energy  conservation  and  their  sub-categories. 

The  number  of  specific  actions  that  are. possible  In  each  category  is 
quite  large.  The  ones  which  were  addressed  were  identified  in  one  of 
two  ways.  A list  of  some  800  proposed  energy. conservation  measures  was 
obtained  from  the  FEA.  Those  that  pertained  to  the  transportation  sector 
were  extracted.  This  list  was  extended  by  adding  those  actions  which  had 
been  uncovered  in  the  literature.  The  complete  list  of  some  200  actions 
is  shown  in  Appendix  F.3.  This  list  was  culled  in  three  different  ways; 
these  methods  appear  in  the  Appendix  on  Transportation.  The  number  of 
specific  actions  v/hich  have  been  examined  in  more  detail  is  about  35. 

Note  that  most  of  these  actions  are  very  specific. 
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TABLE  6.5-1 

CLASSIFrCATIOM  OF  ENERGY  CONSERVATION  MEASURES  IN 
THE  TRANSPORTATION  SECTOR 

I.  Improve  System  Efficiency 

A.  System  Operation  Improvements  in  Efficiency 

B.  Technological  Improvements  in  Efficiency 

II.  Substitution  for  Scarce  Energy  Resources 

A.  Electrification  of  Particular  Modes- 

B.  Alternate  Fuels 

C.  Use  of  Man  Power 

D.  Recycle  Transportation  Products 

III.  Curtailment  of  End  Use 

A.  Managed  Population  Growth  Rate 

B.  Education  of  Citizenry 

C.  Alternatives  to  Personal  Transportation 

D.  Improved  Urban  Planning 

E.  -Reduced  Travel  Incentives 
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In  narrowing  the  original  list  to  this  final  set,  three  aspects  of 
the  general  problem  emerged  which  are  so  important  that  these  will  be 
briefly  discussed  before  further  examination  of  the  specific  actions. 

These  three  aspects  are: 

The  desirability  of  producing  a scenario  for  the  future 

Actions  for  energy  conservation  versus  implementation  of  these 

actions 

Regulatory  policy  as  a means  for  implementation 

A number  of  the  actions,  originally  generated,  seemed  to  be  recommen- 
dations for  improvement  of  the  transportation  system,  and  not  necessarily 
steps  toward  energy  conservation.  Yet,  the  apparent  goal  of  these  actions 
was  a more  effective  transportation  system  and  one  that  could  be  achieved 
only  over  a long  period  of  time,  say  15  to  25  years.  Discussion  of  this 
group  of  actions  brought  out  the  concept  that  some  long  range  goals  need 
to  be  specified.  Actions  to  be  taken  in  the  short  r^nge,  or  mid-term,  or  those 
initiated  now  must  be  consistent  with  the  long-range  objective.  Presently, 
the  various  modes  seem  to  function  almost  Independently  of,  or  in  conflict 
with  each  other.  Increasingly,  the  trend  has  been  to  use  the  more  energy 
intensive  modes.  (See  Figure  6.1-1,  6.1-2)  Furthermore,  as  shown  in 
Appendix  F.6,  our  transportational  energy  needs  are  on  a collision  course 
with  the  ability  of  our  domestic  oil  companies  to  produce  enough  fuel  to 
supply  this  Sector. 

Accordingly,  a view  toward  the  year  2000  shows  the  need  for  dramatic 
shifts  of  transport  to  the  inherently  more  Efficient  modes,  for  improvement 
in  efficiency  of  each  type  of  transportation,  and  for  changes  in  lifestyle 
marked  by  some  reduction  in  passenger  transport,  as  well  as  freight  movement. 
Some  reduction  in  passenger  transport  may  occur  through  the  use  of 
telecommunications  technology,  as  it  does  provide  a trade-off  between 
moving  people  and  moving  information.  (Appendix  F.5  presents  a brief 
elaboration  of  this  futuristic  possiblity.) 

It  appears  that  a more  integrated  transport  system  within  all  carriers 
is  needed.  This  Integration  might  be  marked  by  the  location  and  con- 
struction of  transport  centers.  At  these  focal  points,  an  appropriate 
Interface  between  land,  water  and  air  transport  could  be  available. 

Thus,  direct  links  could  be  established  between  the  carriers,  and  between 
these  transportation  centers  and  urban  centers. 

A possibility  of  increased  separation  between  passenger  and  freight 
modes  may  exist,  and  the  development  of  separate  transport  centers  for 
each  is  desirable.  To  illustrate  this  group's  view,  consider  only  the 
passenger  portion  of  the  sector.  Present-day  airport  facilities  may 
represent  Phase  1 of  the  proposed  integrated  transport  system.  High 
speed  rail  service  emanating  from  these  centers,  by-passing  smaller  towns, 
and  operating  over  a right-of-way  separate  from  that  of  present  rail 
systems  is  envisioned.  Furthermore,  intercity  bus  capability  would  be 
an  important  ingredient  to  the  centers,  as  well  as  computerized  informational 
systems  available  to  the  public.  It  seems  evident  that  transportation 
companies  — not  merely  carriers  operating  a single  mode  — would  evolve. 
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These  centers  could  be  equipped  to  provide  efficient  service 
directly  into  urban  areas,  or  possibly  -to  smaller,  connecting  centers, 
from  which  either  additonal  mass  transport  systems,  or  personal 
carriers  could  be  used  to  reach  an  ultimate  destination.  Finally,  an 
implied  feature  is  that  the  centers  would  provide  rental  services  to  the 
public  incorporating  efficient,  low-cost  vehicles  for  travel  to  the 
final  destination. 

The  intent  of  the  last  few  paragraphs  was  to  illustrate  the  pressing 
need  for  an  integrated  transport  service  that  would  more  adequately  serve 
the  needs  of  each  segment  of  the  public.  If  this  becomes  an  overriding 
goal,  funding  of  these  enormous  projects  must  come  from  the  public  through 
the  government,  much  as  the  funding  for  all  interstate  highway  development 
has  occurred. 

The  second  aspect  that  became  evident  as  the  list  of  specific  actions 
was  studied,  was  the  common  practice  of  linking  the  specific  energy  conser- 
vation action  with  the  implementation  of  that  action.  Yet,  in  many  cases 
there  may  be  a multitude  of  methods  to  carry  out  the  implementation. 
Primarily,  the  specific  actions  have  been  addressed.  In  fact,  once  specific 
actions  have  been  selected,  then  systems  analysis  studies  should  be 
conducted  to  examine  the  methods  of  implementation.  While  implementation 
methods  have  not  been  adequately  addressed  in  this  document,  there  is  a 
general  category  of  these  methods  that  must  be  discussed  at  this  point. 

This  subject  is  that  of  regulation  at  all  levels  of  government. 


6.5.1  REGULATION 

Regulation  may  be  accomplished  by  two  methods:  (1)  changes  in  policy 

of  present  regulatory  and  administrative  agencies,  and  (2)  legislative 
action. _ The  framework  for  regulation  of  the  transportation  industry  already 
exists  in  the  form  of  regulatory  agencies  at  all  levels  of  government. 

Also,  legislation,  impacting  all  aspects  of  the  transportation  sector,  is 
presently  before  Congress.  The  thrust  of  regulation  by  the  regulatory 
agencies  is  in  the  proposed  operation  of  transportation  industry,  while 
legislation  affects  primarily  the  system  hardware  and  the  distribution  and 
costs  of  the  fuels  to  run  the  sytem. 


6. 5. 1.1  ADMINISTRATIVE  REGULATION  AND  THE  TRANSPORTATION  INDUSTRY 

Regulation  by  the  various  agencies  has  at  various  times  been  promotional, 
protective,  or  restrictive.  Regulation  has  never  had  as  a goal  the  overall 
efficiency  of  the  modes  or  the  integration  of  t"ansportation  modes  Into 
-an  efficient  transportation  system.  The  present  regulatory  structure  has 
been  slow  to  adopt  policies  which  would  encourage  energy  conservation. 
[Fellmeth-70]  Regulation  will  always  provide  a mixture  of  constraints 
and  incentives  in  all  aspects  of  the  transportation  field  and  the  extent 
to  which  regulation  promotes  or  thwarts  energy  conservation  will  change 
over  time.  But  the  important  point  is  that  regulation  offers  an  excellent 
prospect  for  implementing  energy  saving  innovations. 
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6. 5. 1.2  LEGISLATIVE  REGULATION  AND  TRANSPORTATIONS  LEGISLATION 

Standards  for  performance  of  vehicles  offer  a major  energy  conser- 
vation opportunity.  Legislation  affecting  the  price  of  fuel  will  be 
complementary  to  standards  of  performance.  The  present  impasse  over  oil 
price  deregulation  is  an  unusual  case  where  by  no  action  at  all,  existing 
legislation  will  lead  to  curtailment  of  use  by  market  forces.  Legislation 
can  basically  attack  the  performance  of  the  system  hardware  and  the  usage 
of  the  hardware  by  energy  costs. 


6.5.2  ENERGY  CONSERVATION  ACTIONS 

In  considering  the  entire  list  of  actions  generated,  it  was 
recognized  that  it  would  be  impossible  to  consider  every  action  in  detail,  in 
the  time  available.  An  effort  was  made  to  select  those  actions  which  either 
were  being  proposed  by  others  as  conservation  measures,  or  those  that 
the  group  perceived  to  have  potential  for  implementation.  The  initial 
listing  is  not  all  inclusive;  certainly,  the  final  list  of  actions  is  not 
complete.  Obviously,  other  important  actions  could  have  been  included. 

A listing  of  the  ‘specific  actions  considered  in  detail  is  shown  in 
Table  6. 5. 2-1.  Each  of  these  has  been  studied  with  respect  to  energy 
reduction  potential  and  requirements,  and  the  individual  results,  are  in 
Appendix  F.3. 

Examples  of  these  actions  and  results  are  shown  in  Table  6. 5. 2-2. 

In  compil ing  this  table,  judgment  and  previously  published  reports  have 
been  used  to  provide  estimates  of  energy  reduction  potential  and  the 
implementation  requirements.  In  many  cases,  estimates  were  not -available, 
either  due  to  lack  of  time  or  insufficient  information.  Upon  completion 
of  this  section  of  the  study,  the  transportation  group  further  attempted 
to  evaluate-  the  various  impacts  of  these  actions,  and  discussion  of 
these  methods  is  shown  in  the  next  section. 


6.5.3  ASSESSMENT  OF  ACTIONS 

Thirty “four  actions  were  chosen  on  the  basis  of  the  preliminary 
filtering  process  and  these  are  displayed  in  Table  6. 5. 2^1.  It  was 
the  task  group’s  objective  to  be  able  to  demonstrate  {l)'a  methodological 
approach  to  arrive  at  logical  and  consistent  conservation  action 
packages  and  (2)  to  be  able  to  recommend  a viable  and  supportable  specific 
set  of  actions.  Even  though  time  did  not  permit  complete  development 
of  the  approach  Illustrated,  it  appears  to  have  merit.  As  to  the  sets  of 
conservation  actions  which  sifted  through  our  assessment  process,  it  is 
evident  that  much  greater  impact  assessment  effort  is  needed  to  be  as- 
sured that  a viable  set  of  actions  has  been  selected.  Discussion 
here  will  be  confined  to  a brief  illustration  of  the  assessment  metho- 
dology which  was  used.  An  elaboration  of  this,  plus  a full  set  of  all 
tables,  Is  contained  in  Appendix  F.4. 
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TABLE  6. 5. 2-1  ENERGY  CONSERVATION  ACTIONS  IN  THE  TRANSPORTATION  SECTOR 


I .  Improve  System  Efficiency 

A.  System  Operations  Improvement  B.  Technological  Improvement 


1. 

Use  modes  that  are  inherently  more  efficient 

8. 

Use  lighter  weight  autos 

2. 

Shift  from  truck  to  rail 

9. 

Design  for  prolonged  life 

3. 

Form  carpools 

10. 

Develop  stratified  charge  engine 

4. 

Shift  passenger  traffic  from  auto  to  bus 
and/or  rail 

11. 

Investigate  other  improved- engine  designs 
Stirling  cycles,  gas  turbines, 
rotary  engines,  Rankine  cycle 

5. 

Use  auto-train  and/or  railroad  and 

engines 

airport  auto  rental 

12. 

Improve  transmissions 

6. 

Optimize  air  routes  by  eliminating  short 
hauls,  Increasing  load  factors,  and 
reducing- cruise  speed 

Better  matched  to  engines 
Elimination  or  improvement  of 
automatic  transmissions,  or  with 
lock  up 

7. 

55  mph  speed  limit 

13.  Explore  hydrid  systems  (flywheel,  hydraulic 
battery  storage,  etc.J 


14.  Improve  tires  (radials) 

15,  Study  aerodynamic  improvements 


II.  Substitution  for  Scarce  Energy  Resources 


A.  Electrification  of  Particular  Modes  B. 

16.  Electric  automobiles 

17.  Electrification  of  railroads  and 

urban  buses 

C.  Use  of  Manpower  D. 

20.  Promote  a bikeway  program 

21.  Walk,  rather  than  drive 

III.  Curtailment  of  End  Use 
A.  Managed  Population  Growth  Rate  B. 

24,  Promote  pJanned  parenthood 

25.  Reduce  immigration  into  this  country 

C.  Alternatives  to  Personal  Transportation'  D. 

29.  Use  telecommunications  to  eliminate 
travel 

30.  Provide  more  delivery  services  of 
purchased  goods 


Alternate  Fuels 

18.  Hydrogen 

19.  Other  fuels  (inethanol,  liquified 

methane,  armonia,  etc.) 

Recycle  Transportation  Products 

22.  Reprocess  wornout  transportation  vehicles 

23,  Recycle  lubrication  oils 

Education  of  All  Citizens 

26.  Obtain  support  of  groups  like  League 
of  Women  Voters 

27.  Support  public  education  programs 

28.  Obtain  support  of  corporations  to 
provide  employee  incentives 

Improved  Urban  Planning 

31.  Develop  and  publicize  local  recreation 
and  entertainment  possibilities 

32.  Locate  shopping  centers  within  walking 
distance 


E.  34.  Reduced  travel  incentives 


33.  Ban  parking  in  downtown  areas 


TABLE  6. 5. 2-2  ACTIONS  TO  CONSERVE  ENERGY  IN  THE  TRANSPORTATION 
SECTOR:  ENERGY  REDUCTION  POTENTIAL  AND  REQUIREMENTS 


ACTION 

GROUP 

ACTION 

TIME  TO 
IMPLEMENT 

ENERGY 

REDUCTION 

POTENTIAL 

IMPLEMENTATION  REQUIREMENTS 

CD51T 

MANPOWER  ^ MRimra 

I.  Improve  Svstem 

A.  System  Operations 
improvement 

1 

M - L 



L 

L 

L 

L 

2 

M 

S 

s 

S 

3 

N 

L 

S 

S 

S 

4 

N - M 

M 

M 

M 

M 

5 

M 

M 

M 

s 

M 

6 

N - M 

M 

S 

S 

. S 

7 

N 

L 

s 

s 

s 

B,  Technological 
Improvement 

8 

N 

1 

L 

S 

S 

S 

9 

N - M 

S 

s 

s 

s 

10 

N 

M 

s 

s 

s 

n 

N - M 

M 

M 

s 

s 

12 

N 

S 

s 

s 

s 

13 

M 

M 

M 

s 

s 

14 

N 

M 

S 

s 

s 

15 

N 

S 

s 

s 

s 

?I.  Substitution  for  Scarce 
Fnprnv  Rp.5nnrrp<; 

16 

N - L 

L 

M 

M 

M 

17 

M - L 

M 

M 

M 

M 

8L-"9 
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The  assessment  methodology  centers  around  three  separate  phases;* 

Impact  assessment 
Decision  making 
Cross-evaluation 

Institutional,  socio-economic  and  environmental  impacts  were 
examined  for  the  thirty-four  actions.  Each  of  the  34  actions  was 
addressed  by  the  members  of  the  task  group  together,  discussed  rela- 
tive to  the  various  impacts  and  given  a consensus  ranking  score. 

Consider  the  formation'of  carpools,  Action  I-A.3,  shown  in  the  assess- 
ment matrix  for  environmental  impacts,  Table  6. 5. 3-1.  It  was  felt 
that  carpools  would  tend  to  reduce  the  number  of  automobiles  traveling, 
hence,  it  has  a-  favorable  impact  on  air  pollution.  So,  it  received 
a (+).  Similarly,  it  was  felt  that  carpooling  would  reduce  noise  pollution 
and  help  to  relieve  traffic  congestion  . . . +'s  were  assigned.  Carpooling 
was  judged  to  have  only  a ^all  effect  on  land  use  patterns,  'hence  it 
received  an  SE.  Definitions  of  all  impacts  are  given  in  Appendix  F.4. 

Once  the  impact  matrices  were  complete,  a numerical  ranking  score 
was  devised  to  depict  the  effect  of  each  action  in  each  of  the  impact 
areas  and  the  conservation  potential -requirements  matrix.  A rank  score 
on  the  basis  of  0 to  10  was  established  for  each  action  based  on  these 
four  broad  criteria.  These  rank  scores  are  recorded  in  the  Decision 
Matrix,  Table  6. 5.3-2,  in  the  upper  left  hand  corners  of  the> cells.  The 
transportation  task^group  chose  to  v/elght  the  four  criteria  as  indicated 
in  the  row  labeled  "Weighting  Factor".  Each  ranking  score  was  multiplied 
by  the  criterion  weighting  factor  to  produce  the  number  1n  the  lower 
right  of  each  cell.  These  "weighted  ranked"  scores  were  added  to  produce 
the  total  score  column.  By  choosing  a cutoff  score  one  can  filter  the 
list  and  reduce  its  size.  Consider,  for  illustrative  purposes,  all  actions 
with  scores  greater  than  6.4,  the  mean  of  all  34  weighted  total  scores. 

There  are  20  actions  which  remain.  Screening'. these  20  actions 

further  for  those  which  appear  to  be  capable  of  being  clearly  implemented 

in  the  near  term  1975-1985,  eleven  actions  --  3,  7,  8,  10,  14,  15,  26, 

27,  28,  33,  34  — are  identified  and  appear  to  be  desirable. 

Consider  the  following  questions.  Do  these  actions  represent  a 
consistent  set?  Is  it  possible  to  attempt  to  implement  all  of  these  simul- 
taneously, or  is  it  possible  that  some  of  these  actions,  if  implemented 
simultaneously,  would  Interfere  with  each  other?  Another  question  that 
could  be  asked  is,  "Are  there  groups  of  these  actions  that  might  na- 
turally go  together  in  a reinforcing  way?  Could  we  have  dropped  unwittingly 
some  actions  that  should  be  retained  with  the  eleven  near  term  actions 
simply  because  they  might  be  synergistic  in  their  interaction?" 


*The  following  documents  were  helpful  in  arriving  at  this  methodology: 
[Coates-74],  [Heydinger-74],  [Hill -70],  [Krzyczkowski-75] , and  [voorhees-74]. 
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TABLE  6. 5. 3-1  ACTIONS  TO  CONSERVE  ENERGY 
IN  THE  TRANSPORTATION  SECTOR:  ENVIRONMENTAL  EFFECTS 
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TABLE  6. 5. 3-1  (Con't)  ACTIONS  TO  CONSERVE  ENERGY 
IN  THE  TRANSPORTATION  SECTION:  ENVIRONMENTAL  EFFECTS 
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TABLE  6. 5. 3-2.  DECISION  MATRIX 


ACTIONS 

CONSERVATION 

POTENTIAL 

INSTITUTIONAL 

IMPACTS 

SOCIO- 

ECONOMIC 

IMPACTS 

ENVIRON- 

MENTAL 

IMPACTS 

TOTAL 

WEIGHTED 

SCORE 

WEIGHTING 

FACTOR 

0.4 

0.1 

0.3 

0.2 

1 

X 

Xa 

>irB 

6.4 

2 

X 

Xz 

X 

6.2 

3 

X 

3^z 

8.0 

4 

Xa 

X 

x^ 

3^z 

6.2 

5 

_ 

X 

Xi 

X 

6.5 

6 

X 

X 

5.9 

7 

>^6 

X 

Xa 

Xz 

7.5 

3 

!5<o 

X 

X 

X2 

6.9 

9 

X 

x^ 

X 

5.4 

10 

X2 

Xz 

. Xo 

7.0 

11 

x\ss 

3^z 

X 

6.4 

12 

x^ 

x^ 

6.2 

13 

X 

Xz 

Xa 

7.3 

' 14 

3^2 

Xz 

x.y 

Xz 

6.9 

15 

ikz 

Xz 

Xz 

X 

6.4 

16 

33^z 

X 

Xz 

Xz 

5.8 

17 

X 

><"2 

X 

4.8 

18 

Xz 

x^ 

Xz 

X 

4.0 

19 

3^z 

X 

Xz 

X 

5.2 

20 

J^2Z 

Xz 

Xz 

Xz 

6.3 

21 

3^z 

X 

Xz 

X 

5.6 

22 

3^z. 

X 

3^z 

X 

5.4 

23 

Xb 

X 

Xz 

Xz 

.5.1 

24 

3^z 

X 

3^z 

Xz 

6.5 

25 

1 

V* 

X 

Xz 

‘ 6.1 

26 

10/ 

/1.0 

Xa 

Xz 

7.5 

27 

3^3. 

x^ 

X^A 

Xz 

7.1 

28 

3^& 

X 

Xa 

Xz 

7.2 

29 

3^2. 

X 

Xa 

3^z 

7.1 

30 

3^z 

Xz 

X 

X 

7.0 

31 

Xa 

X 

Xa 

X 

6.2 

32 

Xa 

X 

Xa 

X 

6.7 

33 

X2 

X 

Xz 

Xa 

7.6 

34 

3^!o 

x^ 

x^ 

Xa 

7.4 

RANKING  SCALE  FOR  THE  ABOVE  FOUR  CRITERIA: 


1,  CONSERVATION  POTENTIAL: 

2.  INSTITUTIONAL  IMPACTS: 


3.  SOCIOECONOMIC  IMPACTS: 

4.  ENVIRONMENTAL  IMPACTS: 


0 “ LOW  POTENTIAL;  10  = HIGH  POTENTIAL. 

0 - GREAT  IMPLEMENTATION  AND  INSTITUTIONAL  DIFFICULTIES- 
10  - FEW  DIFFICULTIES  AND  PROBLEMS. 

0-  UNDESIRABLE  OUTCOME  OR  IMPACTS;  10 -DESIRABLE  IMPACTS. 
0 - UNDESIRABLE  CONSEQUENCES;  10  - DESIRABLE  CONSEQUENCES. 
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In  order  to  gain  some  perspective  on  these  kinds  of  questions  the 
Cross  Evaluation  Matrix, Table  6. 5, 3-3,  was  developed.  All  34  actions  were 
compared  v/ith  each  other  in  terms  of  the  four  categories  displayed  in  the 
Table.  The  transportation  task  group  completed  the  cross  evaluation 
matrix  as  a group  with  discussion  and  debate  until  a consensus  was 
reached.  To  illustrate  how  the  cross  evaluation  matrix  might  be  used  to 
further  refine  and  analyze  a set  of  actions,  let  us  form  a new  cross 
evaluation  matrix,  a subset  of  the  eleven  near  term  actions  filtered 
from  the  decision  matrix  Table  6. 5. 3-2. 


These  eleven  actions  are  listed  below  and  a reduced  cross  evalua- 
tion matrix  is  presented  in  Table  6.5. 3-4. 

1 

Action  ,No. 


3 

7 

8 
10 

14 

15 
26 
2T 
28 

33 

34 


Form  carpools 

55  MPH  speed  limit 

Use  lighter  weight  autos 

Stratified  charge  engine 

Improved  tires 

Aerodynamic  improvements 

Obtain  support  of  League  of  Woman  voters 

Support  public  education  programs 

Obtain  support  of  corporations  to  provide 
employee  incentives 

Ban  parking  in  downtown  areas 

Reduce  travel  incentives 


A study  of  Table  6. 5.3-4  indicates  that  most  of  these  actions  are  either 
complimentary  or  independent  and  could  be  introduced  simultaneously  with- 
out producing  adverse  interactions  relative  to  energy  conservation.  Five 
cells,  however,  have  (T's)  indicating  a possible  trade-off  relationship. 
Actions  8,10,  14  and  15  all  fall  into  the  category  T.Technologial  Improve- 
ment" which  seeks  to  improve  the  technical  efficiency  of  engines  and 
automobiles.  Action  34  is  a broad  set  which  could  be  imposed  to  reduce 
travel  incentives  or  conversely  to  create  travel  disincentives.  Fuel 
price  increase  as  a policy  to  reduce  travel  would  be  compromised  by  sub- 
stantial technological  efficency  improvements  which  might  have  tbe  effect 
of  encouraging  more  travel.  Action  7 (55  MPH  speed  limit)  renders  less 
useful  action  15  (aerodynamic  improvements).  If  a 55  MPH  speed-limit 


CONSERVATION  ACTIONS 
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TABLE  6. 5. 3-3.  CROSS  EVALUATION  MATRIX 


CONSERVATION  ACTIONS 


C TWO  ACTIONS  ARE  DIRECTLY  COMPLEMENTARY  OR  REINFORCING. 

T — TWO  ACTIONS  ARE  TRADEOFF,  CONFLICTING.  BOTH  ATTEMPTED  SIMULTANEOUSLY 
MIGHT  TEND  TO  BE  COUNTER  PRODUCTIVE. 

I MUTUALLY  EXCLUSIVE  ACTIONS  EACH  CAN  BE  ACCOMPLISHED  INDEPENDENTLY  OF 

THE  OTHER. 

U — ACTION  RELATIONS  UNCERTAIN,  COULD  BE  (Cl  OR  (t).  IDENTIFIES  AREAS  OF  POLICY  CONFLICT. 
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TABLE  6. 5. 3-4 

REDUCED  CROSS  EVALUATION  MATRIX 
FOR 

A SUBSET  OF  NEAR  TERM  ACTIONS 
WITH  ABOVE  -AVERAGE  RANKING  SCORES 
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were  to  become  a rigidly  enforced  law,  it  might  not  pay  to  exert  much 
effort  to  streamline  cars  and  trucks,  since  drag  resistance  is  a function 
of  high  speeds. 

Looking  at  the  full  cross  evaluation  Table  6. 5. 3-3,  and  assuming 
that  action  33  (ban  parking,  in  downtown  areas)  was  to  be  implemented, 
an  examination  of  column  33  indicates  that  actions  1 and  4 should  prob- 
ably be  seriously  considered  in  addition  to  action  33.  Ban  of  parking 
in  downtown  areas  would  need  to  be  accompanied  by  improvements  in  mass 
urban  transport  so  that  people  could  shift  to  more  efficient  modes.  Thus, 
the  results  falling  out  of  the  sifting  from  the  decision  matrix.  Table 
6. 5. 3-2,  might  have  to  be  modified  in  terms  of  insights  gained  from 
study  and  analysis  of  the  cross  evaluation  matrix. 

All  judgements  made  during  the  foregoing  sifting  process,  stepping  from 
the  impact  matrices  to  the  decision  matrix  to  the  cross  evaluation  matrix, 
have  been  made  by  the  four  members  of  the  transportation  task  force  group. 
These  judgements  have  been  made  on  the  basis  of  limited  personal  data 
bases  acquired  in  the  early  weeks  of  this  systems  design  project.  There- 
fore, the  reader  should  look  upon  the  results  portrayed  here  as  simply  an 
illustration  of  a method-  which  might  be  helpful  in  forming  a consis- 
tent package  of  conservation  actions.  The  reader  might  wish  to  supply 
his  own  rankings  for  some  of  the  actions  illustrated  and  elaborated  upon  in 
Appendix  F.4  and  work  hi-s  way  through  the  three  step  process  to  compare 
his  results  with,  those  presented  here. 
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CHAPTER  7.  ENERGY  CONSERVATION  AND  THE  RES  I DENTIAL  AND 
COMMERCIAL  SECTOR 


detailed  analysis  of  conservation  actions  relevant  to  the  sector 
leads  one  to  the  conclusion  that  the  potential  for  savings  is  great.  If 
the  nation  is  determined  to  curtail  its  dependence  on  oil  imports,  concer- 
ted efforts  must  be  made  to  achieve  this  potential.  The  task  will  not 
be  easy,  however,  since  many  of  the  actions  require  significant  life  style 
changes  that  are  difficult  to  accomplish.  For  example,  turning  back 
thermostats  at  night,  reducing  lighting,  and  maintaining  proper  condition- 
ing of  appliances. are  apparently  easy  tasks  to  achieve,  but  evidence  indi- 
cates otherwise.  Even  the  retrofitting  of  homes  is  hindered  by  initial 
costs,  although  the  payback  period  is  short.  Also  consumption  patterns 
are  very  unpredictable;  families  living  in  nearly  identical  homes  may  vary 
radically  in  energy  demands. 

Furthermore,  many  of  the  conservation  actions  that  are  cited  as 
"instant"  solutions  to  the  energy  crisis  are  those  with  only  mid  to 
long  term  potential.  Solar  energy  is  one  example;  heat  pumps  is  another. 

There  are  ways  of  accomplishing  very  significant  savings  in  the 
residential/commercial  sector.  Three  approaches  are  viable:  adjusting 
price  structure,  mandating  actions,  and  educating  consumers.  Of  these 
three,  the  first  two  appear  to  be  the  most  feasible.  But  they  are  not 
without  a price.  Higher  utility  bills  adversely  affect  the  poor  and  the 
elderly  on  fixed  incomes.  Likewise,  strict  mandatory  measures  can  be 
quite  distasteful.  But  the  effect  of  alternatives,  such  as  voluntary 
savings  accomplished  through  education  processes,  is  minimal  in  a nation 
without  a true  conservation  ethic.  These ^conclusions  were  based  on  a 
detailed  assessment  of  five  conservation  actions  selected  by  the  task 
group  after  an  initial  filtering  process.  The  procedure  also  allowed 
a display  of  the  systems  approach  as  a viable  methodology  in  assessing 
conservation  actions.  Application  of  the  approach  led  to  a set  of 
recommendations  that  the  task  group  considers  to  merit  further  assess- 
ment. 
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7.1  INTRODUCTION 

This  section  of  the  report  is  concerned  specifically  with  the 
efforts  to  conserve  energy  in  the  residential /commercial  sectors. 

For  the  purpose  of  the  study,  the  residential  and  commercial  sectors 
are  examined  separately.  In  order  to  develop  a residential  and 
commercial  inventory  and  unit  demand  data,  the  group  relied  on  Pro- 
ject Independence  data.  [PI-74-5] 

The  objectives  of  the  residential  and  commercial  task  group  were 
as  follows: 

Compile  and  analyze  existing  data  relevant  to  energy  conservation 
in  the  residential/commercial  sector. 

Identify  energy  conservation  actions  particular  to  the  sector 
and  according  to  the  categories:  reducing  use,  increasing 
efficiency,  and  substituting  for  scarce  energy  resources. 

Filter  the  actions  through  a conservation  action  evaluation 
matrix  in  order  to  obtain  a qualitative  assessment  of  the 
overall  feasibility  of  the  various  actions  in  the  time  frame  of 
1975-1985. 

Assess  the  impacts  of  specific  conservation  actions.  Impacts 
refer  not  only  to  social,  political  and  environmental  considera- 
tions, but  also  to  requirements  (money,  supplies,  and  manpower) 
that  v/ould  be  needed  to  implement  a specific  action. 

Develop  and  illustrate  the  methodology  used  in  the  above 
assessment  of  impacts.  The  methodology  would  incorporate 
the  systems  approach  and  serve  as  a viable  tool  for  other 
groups  involved  in  the  assessment  of  conservation  actions. 

In  order  to  achieve  the  above  objectives,  three  sub-task  groups 
were  formed  to  investigate  energy  conservation  by:  (1)  reducing  consump- 
tion, (2)  increasing  efficiency,  and  (3)  substituting  for  scarce  energy 
resources.  A systems  diagram,  shown  in  Appendix  Gj  was  developed  for 
each  sub-task  group  objective.  The  schematic  of  the  overall  system  dia- 
gram for  the  Residential /Commercial  sector  is  shown  in  Figure  7.1-1.  Each 
sub-task  group  proceeded  by: 

Compiling  existing  data  relevant  to  sub-task  group 

Identifying  conservation  actions 

Assessing  feasibility  of  conservation  actions  using  an 
evaluation  matrix 

Assessing  the  impacts  of  specific  conservation  actions 
utilizing  cross-cut  groups  for  input 
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FIGURE  7.1-1 


SCHEMATIC  OF  RES  IDENTIAL/COMMERCIAL  TASK  GROUP  SYSTEMS  APPROACH 
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7.2  CONSUMPTION  STATUS 

In  1970,  the  Continental  United  States  consumed  15.3  quadrillion 
BTU's  (quads)  of  energy  at  point  of  use  (including  power  plant  losses, 
in  the  residential  and  commercial  sectors').  Of  this  total  11.4  quads 
(75%)  were  consumed  in  the  residential  sector  and  3.9  quads  (25%)  in 
the  commercial  sector. 


Figures  7.2-1  and  7.2-2  show  1970  energy  demand  by  end  use  and  is 
based  on:  (1)  the  assumption  that  electricity  is  measured  ,at  the  point  of 

entry  to  the  building  (3,413  BTU/kWh);  and  (2)  the  assumption  that  pov/er 
plant  losses  and -distribution  losses  are  included  in  the  measurement.  The 
graphs  clearly  show  the  extent  to  which  demand  is  understated  using  the  point 
of  entry  assumption.  The  assumption  is  appropri_ate  for  a demand  analysis, 
however,  because  it  does  not  raise  the  issue  of  "power  plant  fuel  or  efficiency, 
which  properly  belongs  in  a supply  analysis.  Two  significant  conclusions 
obtained  from  Figure  7,2-1  are  that,  (1)  the  residential  market,  with 
75%  of  the  energy  demand  at  point  of  consumption,  is  the  dominant  sector; 
and  (2)  the  space  heating  load  is  dominant  in  both  sectors,  with  approxi- 
mately 70%  of  the  total  energy  used  for  that  purpose.  Table  7.2-1 
compares  residential  and  commercial  consumption  by  listing  the  average 
per-square-foot  demand  for  selected  end  uses  on  a national  basis. 

Figure  7.2-3  shows  that  the  four  census  regions  have  grossly  different 
fuel  consumption  patterns.  This  is  a factor  which  clearly  complicates 
the  problem  of  finding  universal  solutions  to  the  energy  crisis. 


7.3  CONSERVATION  STATUS 

The  potential  for  energy  conservation  in  the  residential/commercial 
sector  has  been  studied  by  several  groups. 

A National  Petroleum  Council  study  [NPC-74-1]  identifies  the  areas 
that  offer  the  greatest  potential  for  near-term  energy  savings  as  measures 
that  deal  with:  (1)  life-styles,  (2)  upgrading  thermal  performances,  and 
(3)  heating,  ventilating  and  air  conditioning  systems.  In  regard  to  life- 
styles, the  study  relates  that  the  potential  for  energy  savings  in  the- 
residential  market  by  conservation  measures  which  require  no  investment 
is  extremely  large.  For  example,  actions  that  reduce  the  use  of  hot  water, 
internal  building  temperatures,  and  v/ater  heater  temperatures  have  a total 
potential  savings  of  nearly  19  percent  of  the  energy  consumed  by  the 
residential  sector  in  1972.  The  potential  and  maximum  assumed  achievable 
levels  of  savings  for  various  conservation  measures  are  shown  in  Table  7.3-1. 
The  maximum  assumed  achievable' conservation  potential  data  are  subjectively 
derived  based  on  cost,  timing,  public  compliance  and  consumer  education. 
Consumer  education  is  certainly  considered  to  be  one  of  the  most  important 
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FIGURE  7.2-1.  1970  ENERGY  DEMAND  BY  END  USE  [PI-74-5,  8] 
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FIGURE  7.2-2.  1970  ENERGY  DEMAND  BY  FUEL  TYPE  EPI-74-5,  9]' 


TABLE  7.2-1 

ENERGY  USAGE  COMPARISONS® 
(Residential  Versus  Commercial)  [PI-74-5,  11] 


Residential 


Commercial 


Million  Square  Feet 
Trillion  BTU's 
BTU/Square  Foot 


75,600 

11,411 

150,900 


21,610 

3,375» 

156,200 


BTU/Square  Foot 
B>^  Selected  End  Use 


Residential  Commercial  Commercial  8-  Residential 


Total 

150,900 

156,200 

1.03 

Heat  . . 

107,800 

102,100 

0.95 

Air  Conditioning'^ 

10,000 

13,400 

1.34 

Water 

23,400 

- 5,000 

0.21 

Lighting 

2,000' 

19,800 

9.87 

a.  Excludes  510  million  BTU's  "unallocated." 

b.  For  units  which  are  air  conditioned. 


Bto'f/Unit 


220 
200 
180 
160 
140 
120 
100 

80 
60 
40 
20 
0 

Northeast  North  Central  South  West  Northeast  North  Central  South  West  ^ 

Note;  Electricity  measured  at  point-of-entry.  i 


Appliances  and 
Lightinp  11,9 
Cooking  7.3 


[Water  Heating  29.1 


Appliarxtes  and 
Lighting  13.9 
Cooking  6.8 


Water  Heating 


A.C.  1.1 


RESIDENTIAL 
Million  Btu/Unit 


Appliances  and 
Lighting  12.5 
pooking  6.1 

Water  Heating 
23.1 


Appiiences  and 
Lighting  13.7 
Cooking  6.5 

Water  Heating 
26.5 


^A.C.  2.8 


COMMERCIAL 
Thousand  Btu/Square  Foot 


Lighting 
and  Other  18.5 
Ratrig.  5.7 
Water  Heating 
20.7 


Heating  160.2 


Heating  167.7 


Lighting  and  Other 

20.0 

Refriq.  6.2  I33  , 

Water  Heating  Lighting  and  Other 
21.7  1QQ 


Water  Heating 
21.7 

A.C.  12.5 

Heating  112.5 


Lighting  and  Other 
20.9 

Refrig.  6.4 

Water  Heatiitg 

22.0 

A.C.  7.4 


Heating  125.0 


Heating  71.3 


Heating  77.8 


Heating  73.5 


Heating  101.1 


FIGURE  7.2-3.  ENERGY  DEMAND  BY  REGION  AND  END  USE  PER  UNIT  [PI-74-1] 
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TABLE  7.3-1 


POTENTIAL  ENERGY  SAVINGS  IN  THE  RESIDENTIAL 
SECTOR  (QUADRILLION  BTU'S) 


Modififid  from 

Ford  Report  Technical  Fix  vs.  Historical  Growth 

[Ford  74-50] 

1985  , 2000 


Residential  energy  use 
in  HG  scenario 

24 

32 

Potential  Savings 

Conservation  Measures 

Space  heat 

1.0 

3.1 

Insulation  against  heat  loss 

0.1 

0.6 

More  efficient  fossil  fuel  furnaces 

1.8 

3.4 

Heat  pumps  instead  of  resistance  heat 

0.3 

Solar  heating 

0.1 

0.2 

Electric  igniters  instead  of  pilot 
lights 

Air  conditioning 

0.6 

0.9 

•Improved  effic-iency 

0.3 

0.6 

Insulation  against  heat  infiltration 

Water  heat 

6.5 

1.2 

Fossil  fuel  or  solar  instead  of 
electric 

0.1 

0.2 

Electric  igniters 

— 

0.2 

More  efficient  heaters 

Other 

0.7 

1.0 

Total  savings 

5.2 

11.7 

Residential  energy 

use  in  TF  scenario 

19 

20 

Note:  The  residential  : 
these  numbers. 

sector's  share  of 

all  energy  processing  losses  are  included  in 

Modified  from  National 

Petroleum  Council 

Report 

[NPC-74-1 ,8] 

Sautntis  1 978 


Total  Potential 

Maximum 

Trillion 

Assu  med 

Rank 

Lifc-Stvlo 

BTU'S 

Achievable 

1 

Sel  Thermostat  Back  to  68”  F fdoy) 

993 

745 

3 

Set  Water  Hooter  Back  to  120”F 

' 4Q5 

203  ■ 

7 

Set  /VTr  Condiliooor  Theiiriostat  Up  to  78^F 

97 

49 

8 

Set  3 Hour  Thermostat  Back  to  60”F  (night) 

463 

46 

9 

Reduce  Bathing  Water  Consumption  One-Third 

252 

25 

10 

Turn  Off  Pitots  in  Gas  Furnacet 

56 

17 

Total 

2.266 

l.OQS 

• 

Insulation,  Storm  Doors  and  Windows.  Caulkinq 

2 

'Ceiiinq  Insulation 

733’ 

■ 357 

<1 

Wcatlicrstnppmg  and  Caulking 

325. 

140 

6 

Slorni  Doors  and-Wmdows 

128 

. G4 

Total 

use 

571 

HeatlnQ/Cooling 

5 

Furnace  Tune-up 

662. 

66 

11 

Air  Cortditioner  T une-up 

' .97. 

■; n 

Total 

759 

79 

Grand  Total 

a.211 

1.735 
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factors  1n  attaining  achievable  levels  in  the  residential  sector.  Also, 
experience  indicates  that  tv/o  strong  motives,  for  conserving  energy  are  to 
save  money  and  reduce  the  prospects  of  future  shortages.  In  regard  to  con- 
sumer education,  then,  perhaps  the  key  monetary  message  to  consumers  should 
be  the  length  of  the  payback  period  and  actual  doTlar  savings  resulting  from 
the  installation  of  energy  conserving  devices.  This  approach  certainly  buf- 
fers high  initial  costs  — a deterrent  in  many  instances  to  implementation. 

As  in  the  residential  sector,  the  National  Petroleum  Council  study  also 
analyzed  the  potential  for  various  conservation  actions  in  the  commercial 
sector.  These  are  listed  in  Table  7.3-2. 

In  the  Ford  Foundation  Report  [Ford-74],  a "Technical  Fix". scenario  assumes 
annual  energy  consumption  Increasing  at  an  average  rate  of  1.9  percent  per 
year  between  now  and  the  year  2000,  (from  75  quads  in  1973  to  124  quads  in 
2000).  They  contend  that  the  energy  budget  can  provide  essentially  the  same 
level  of  energy  services,  and  levels  of  heating  and  cooling,  manufacturing 
output,  etc.  as  their  "Historical  Growth"  scenario  if  the  nation  adopts 
specific  energy  saving  technologies.  Tables  7.3-1  and  7.3-2  list  potential 
savings  in  the'  residentiaT/commercial  sector.  The  Ford  Report  also  states 
that  energy  conservation  in  the  resident! al/commercial  sector  is  .primarily  a 
function  of  building  design  and  that  this  is  an  area  where  market  forces  do 
not  operate  effectively.  Builders  have  incentives  to  keep  first  costs 
low  and  are  resistant  to  investments  in  heat  pumps,  insulation,  or  solar 
energy  devices  that  would  be  economical  over  the  life  of  the  building. 

Because  the  market  for  residential  and  commercial  building  does  not  operate 
to  encourage  energy  conservation,  the  Ford  Report  suggests  that  projected 
energy  savings  are  likely  to  be  achieved  by  supplementing  market  forces 
with  the  following  policies; 

Consumer  education 

Adjusting  the  energy  price  structure 

Government  actions  to  overcome  institutional  barriers  to 

technical  innovations  in  the  building  industry 

The  Project  Independence  Report  [PI-74]  projects  the  U.  S.  primary  en- 
ergy consumption  for  the  residential /commercial  sector  to  grow  from  24.8  quads 
to  42.9  quads  between  the  period  1972  to  1985  --  an  overall  growth  rate  of 
4.3  percent  per  year. 

The  point  of  listing  a few  of  the  conservation  measures  of  the  various 
scenarios  is  to  emphasize  that  the  residential/commercial  sector  represents 
a strong  potential  for  significant  savings  through  conservation  measures  — 
both  short  and  long  term.  The  listing  also  points  out  that  substantial 
and  relevant  studies  have  been  recently  completed  regarding  various 
conservation  measures  and  their  potential  impacts. 


TABLE  7.3-2  POTENTIAL  ENERGY  SAVINGS  IN  THE  COMMERCIAL 
SECTOR  (QUADRILLION  BTU'S) 


Modified  from 
Ford  Report 
[Ford-74-52] 

Commercial  energy  use 
in  HG  scenario 

Technical  Fix  vs. 
1985 
16 

Historical  Growth 
2000 
23 

Potential  Savings 

Conservation  Measures  ^ 

Space  heat 

0.6 

0.1 

0.4 

1.7 

1.3 

1.1 

Heat  pumps  instead  of  resistance 
heat 

Total  energy  systems 
Insulation  against  heat  loss 

Air  conditioning 

0.3 

0.2 

0.3 

Total  energy  systems 
Insulation  against  heat  loss 

Other 

0.3 

Total  savings 

1.4 

4.9 

Commercial  energy 
use  in  FF  scenario 

15 

18 

Note:  The  commercial 

sector's  share  of  all 

i energy  processing  losses  are  included 

in  these  numbers 


Modified  from  National  Petroleum  Council  Report  [NPC-74-1 ,52] 


Rank  by 
Potenliel  Vietd 

1. 

2. 

3 


4 

5. 


6 


8. 


9. 


10 

11, 


12, 


13. 

K. 

15. 


Total  Potential  Assumed  Achievable 


Conservation  Measure 

Total 

(QBTU) 

Percent  of  1972 
CcmiTiercia] 
Sector 

Total 

(QBTO) 

Percent  of  1972 
Commercial 
Sector 

Establish  a 68^F  maximum  occupied  temperature  level  in 
anariments  and  holel/moluls  and  65'’F  in  commercial  estab 
lishmenls.  hospitals  and  nuising  homes  exCGP.C'^ 

1 084 

90 

358 

3 0 

Establish  a night  setback  be'ow  day  levels  in  apartmerits 

and  lO^F  for  commercial  buildings  ojrin^  onocrupied  hours, 
hospitals  and  nursing  homes  exccptud. 

nss 

57 

.277 

1.9 

Caulk  and  wealherstrip  around  all  windows  and  between  nullding 
walls  and  window  frames 

591 

A 9 

039 

.7 

Scheduled  maintenance  on  equipment  and  systems. 

587 

4.9 

088 

J 

Insulate  celling,  above  or  below  roofs,  using  insulation  having 
an  equivalent  "R"  factor  o*  19 

542 

4.5 

on 

0 

Insulate  sidewalls  using  insulation  having  an  equivalent  ^’R" 
factor  of  1 1. 

513 

43 

010 

0 

Install  storm  sash,  or  high  efficiency  glass. 

.493 

4 i 

.010 

0 

Reduce  lighting  levels  to  a minimum  firceptalile  li>vel  where 
possible. 

292 

2.4 

096 

7 

Establish  minimum  ventilating  air  requirements  for  occupancy 
periods  and  zero  ventilation  during  unoccupied  periods  where 
possible. 

159 

1 3 

.024 

2 

Use  restricted  flow  shower  heads  (2  5 gallons  per  minute  max* 
imuml 

097 

8 

015 

1 

Establish  a cooling  comfort  level  of  78^F  if  basic  energy  is 
necessary 

.096 

8 

.032 

.2 

Cease  cooling  of  building  at  least  one  hour  before  terminatron 
of  occupancy. 

.086 

7 

.028 

2 

Use  automatic  shutoff  faucets  in  lavatories. 

.064 

5 

010 

0 

Reduce  water  distributor^ pressure  to  a maximum  of  25  p s i. 

.C63 

.5 

009 

.0 

Reduce  temperature  of  general  purpose  hot  water  by  20^  F 
f123^F.  minimuml  except  where  dishwashers  require  Otherwise. 

.C59 

5 

.019 

\ 

It  has  been  noted  that  energy  conservation  can  be  accomplished  by: 

(1)  belt  tightening  --  reducing  use,  (2),  leak  plugging  — using  energy  more 
efficiently,  and  (3)  replacing  — substitution  for  scarce  resources.  The 
majority  of  the  actions  discussed  -in  the  National  Petroleum  Council  report 
are  short-term  as  "belt-tightening”  measures  that  can  be  implemented  in 
the  time  frame  --  present  to  1985.  fiany  of  the  measures  that  "plug  leaks" 
or  increase  efficiency  will  have  major  impacts  in  the  mid-term  range  1985- 
2000  (heat  pumps  serve  as  an  example).  Substitution  actions  (e.g.'  solar 
energy)  are  generally  mid  to  long  term  considerations  and  in  many  cases 
are  heavily  dependent  on  new  technologies. 

Conservation  by  substitution  is  controlled  by  the  pressures  causing 
other  types  of  conservation:  (1)  rising  prices;  and  (2)  unavailability  of  supply. 

These  two  pressures  have  initiated  both  the  substitution  of  cheaper  fuels 
(such  as  coal)  and  the  investigation  of  abundant  alternate  fuel  sources. 

The  sudden  surge  of  public  enthusiasm  for  solar  energy  is  a result  of  both 
the  aforementioned  pressures,  with  energy  price  increases  making  solar  util- 
ization ever  more  economically  feasible. 

In  several  areas  of  the  country,  the  use  of  natural  gas  in  newly  con- 
structed buildings,  both  residential  and  commercial,  has  been  prohibited 
due  to  insufficient  supply.  This  has  caused  much  of  the  new  residential 
housing  to  go  "all-electric",  a fuel  substitution  which  is  of  dubious  con- 
servation value,  depending  on  the  generating  plant  source  fuel.  The  short- 
falls in  natural  gas  supplies  have  also  caused  many  interruptable  commercial 
customers  (those  who  must  shut  off  their  gas  during  peak  demand  periods)  to 
begin  looking  for  substitutional  fuels  such  as  oil  and  coal . _ If  oil  is  the 
only  substitution  possible  at  present,  this  could,  in  turn,  intensify  the 
oil  supply  and  price  problem. 

In  summary,  current  conservation  actions  center  on  both  near  term  im- 
provements — largely  voluntary  — and  longer  term  efforts  — requiring  ex- 
ploration of  new  modes  and  equipment  for  future  use.  The  former  measures 
can  be  employed  by  the  individual  home  owner  and  building  management  persons. 

The  latter  general ly  involve  technological  improvements. 


lA  GOVERNMENT  ACTION  STATUS 

There  is  government  involvement  related  to  energy  consumption  in  the 
residential  and  commercial  sector  at  all  levels  — federal,  state  and  locaT'. 
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Government  actions  affecting  energy  consumption  range  from  the  imposition 
of  codes,  ordinances  and  standards  at  the  local  and  state  level  to  federal 
laws  and  policies  that  regulate  energy  use  and  provide  incentives  for  a 
particular  mode  of  use  or  allocate  energy  and  material  resources. 

At  the  federal  level,  the  executive  and  legislative  branches  have 
proposed  energy  conservation  actions  which  have  direct  or  indirect  impact 
on  the  residential  and  commercial  sector.  In  January,  1975,  the  President 
proposed  an  energy  conservation  strategy  which  included  an  increase  in  the 
energy  efficiency  of  major  consumer  products  used  in  the  home.  In  response. 
Congress  has  initiated  legislation  aimed  at  reducing  the  energy  consumption 
of  consumer  products  by  the  introduction  of  federal  appliance  labeling 
standards  [see  Chapter  11).  In  addition,  there  have  been  other  bills  intro- 
duced in  both  the  Senate  and  House  which  are  largely  or  wholly  devoted  to 
energy  conservation  in  the  residential  sector.  In  many  cases  the  bills 
provide  for  voluntary  compliance  with  energy  conservation  goals,  but  tax 
and  depreciation  incentives  as  well  as  mandatory  compliance  have  been 
considered  and  in  some  instances  provided. 

Federally-funded  energy  studies  have  also  addressed  energy  conservation 
in  this  sector.  Examples  are: 

Energy  Policy  Proj'ect  of  the  Ford  Foundation 

Project  Independence 

Westinghouse  Energy  Utilization  Project 

Federal  agencies  also  administer  programs  designed  to  effect  energy 
conservation  in  the  residential  and  commercial  sector  by  providing  Infor- 
mation, funding  research,  and  publishing  standards.  Some  of  the  federal 
agencies  actively  involved,  in  energy-related  programs  pertaining  to  the 
residential  and  commercial  sector  are: 

Department  of  Health,  Education  and  Welfare  (HEW) 

Department  of  Housing  and  Urban  Development  (HUD) 

Federal  Housing  Administration  (FHA) 

Federal  Energy  Administration  (FEA) 

General  Services  Administration  (GSA) 

National  Bureau  of  Standards  (NBS) 

Energy  Research  and  Development  Administration  (ERDA) 
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Much  of  the  effort  of  government  in  the  area  of  energy  is  aimed  at 
informing  the  consumer  of  the  opportunities  and  benefits  of  energy  conserva- 
tion. Some  of  the  government  agencies  (e.g.  FHA  and  NBS)  also  set  construc- 
tion and  building  standards  that  affect  energy  consumption.  ERDA  is  primar- 
ily concerned  with  research  aimed  at  developing  means  of  conserving  energy. 
Areas  in  which  they  are  sponsoring  research  which  affects  the  residential 
and  commercial  sector  are:  advanced  urban  and  architectural  design,  devel- 
opment and  demonstration  of  technology  to  improve  efficiency  of  energy  use, 
and  alternate  energy  sources.  In  the  latter  area,  ERDA  and  NASA  are  present- 
ly implementing  a nation-wide  proof -of-concept  experiment  for  solar  heating 
and  cooling  involving  thousands  of  residential  and  commercial  buildings.  The 
objective  of  this  program  is  to  develop  and  demonstrate  solar  heating  systems 
by  1978  and  combined  solar  heating  and  cooling  systems  by  1980.  Also,  ERDA 
is  conducting  a broad-based  research  program  to  investigate  alternate  fuel 
possibilities  such  as  photovoltaic,  solar  thermal,  geothermal,  etc.  Congress- 
ional support  for  programs  concerning  alternate  fuels  is  demonstrated  by  the 
large  number  of  bills  submitted  dealing  with  this  subject. 

At  the  state  level,  both  executive  and  legislative  branches  have  proposed, 
and  in  many  cases  enacted,  legislation  aimed  at  reducing  energy  consumption  in 
the  residential  and  commercial  sector.  State  and  local  codes  and  standards 
also  affect  energy  consumption  (e.g.  lighting  codes)  but  not  always  with  en- 
ergy conservation  in  mind.  In  many  states,  proposals  which  would  encourage 
installation  of  solar  systems  have  been  made.  Tax  incentives  involving  accel- 
erated depreciation  and  tax  exemption  are  the  mechanisms  being -used.  At  the 
local  level,  city  and  county  governments  have  recently  been  investigating 
the  use  of  energy  from  trash  incineration.  Several  municipalities  are 
presently  producing  both  electric  power  and  heat  from  trash.  There  are  also 
a number  of  state  and  local  programs  relating  to  appliance  labeling.  New 
York  City  and  Massachusetts  have  already  established  labeling  requirements. 

New  Jersey,  Florida  and  Minnesota  are  actively  considering  the  establishment 
of  similar  statutes. 

Specific  examples  of  government  actions  at  the  federal,  state,  and  local 
level  aimed  at  energy  conservation  are  given  in  Appendix  G.1.4. 


7.5  SELECTED  CONSERVATION  ACTIONS 

As  part  of  the  systems  approach  used  in  achieving  our  objective,  the 
group  developed  a conservation  action  evaluation  matrix  for  use  in  an  initial 
qualitative  assessment  of  various  conservation  actions  in  the  residential/ 
commercial  area.  Table  7. S’-!  shows  the  matrix  with  an  overall  feasibility 
ranking  of  five  actions  selected  by  the  group.  Selection  of  the  actions 
was  dependent  on  an  initial  filtering  of  over  150  actions  relevant  to  the 
sector  through  the  evaluation  matrix.  [See  Appendix  G.2  for  a listing  of  .con- 
servation actions  considered,  a descriptive  listing  of  filtered  actions,  and 
a detailed  description  of  the  code  used  in  selection  of  the  actions.) 

In  general,  a major  consideration  is  that  energy  use  in  buildings  is 
essentially  a factor  of  physical  design,  construction  practices  and  occupant 


TABLE  7.5-1.  CONSERVATION  ACTION  EVALUATION  MATRIX 


CONSERVATION 

ACTION 

(Potential  before  1985) 


Reduce  consumption  and  in- 
crease efficiency  of  building 
and  systems  for  Heating, 
Ventilating,  and  Air  Condi- 
tioning (Group  Action) 


Reduce  consumption  and 
increase  efficiency' of 
domestic  hot  water  systems 
(Group  Action) 


Install  heat  pumps  in  100%  of 
electrically  heated  single 
family  residences  built  in  thej 
period  1975-85 
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LEGEND: 


= favorable  or  positive 
= unfavorable  or  negative 
H"  = high  or  large 
'M"  = medium 

= low  or  small 
= no  effect 

COMMENT 


^ Specific  actions  include  thermo- 
stat setting,  HVAC  maintenance, 
adding  insulation,  storm  windows, 
caulking,  improving  HVAC  equipment 
efficiency 

• Save  7.1  quads/yr  if  100% 
participation 

• Most  actions  implemented  in  near 
future 

• Specific  actions  include  lowering 
thermostat,  reduce  consumption, 
increase  insulation 

• Near  term  implementation 

• Save  about  1.5  quads/yr  if  all 
actions  implemented  by  all 
consumers 

% V'ould  require  extensive  consumer 
education 

• Save  about  1 quad/yr  by  1985 


Use  solar  energy  for  space 
heating  and  cooling  and  hot 
water  heating 
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• Major  implementation  period  in 
'85  to  '95  time  frame 

• Savings  about  2-6  quads/yr  by  2000 
« Assumed  governmental  backing 

continues 

• Regional  implementation  is  uneven 


Mandate  government  standards 
for  lighting  in  all  new  and 
existing  commercial  structures 
(50-30-10  footcandles  standard] 
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• Project  Independence 
predicts  total  potential 
savings  of  50%  or  0.65 
quads/yr. 
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needs  and  practices.  Conservation  then  responds  to  the  influence 
of  the  elements  of  each  factor  and  the  energy  source.  As  a consequence, 
many  specific  actions  are  readily  identifiable  when  we  look  at  those  aspects 
of  physical  design  which  include  the  conditions  of  the  site,  the  orientation 
and  configuration  of  the  building,  and  the  planning  of  the  interior  spaces.  In 
addition,  the  materials  of,  the  building's  skin  and  structure  as  well  as  the  size, 
location  and  character  of  the  openings  in  the  skin  must  be  considered* 

Actions  in  the  area  of  needs  and  practices  involve  comfort  standards, 
design  temperatures,  ventilation  requirements,  lighting  standards  and 
programs  of  operation  and  maintenance.  Also  included  are  consumer  prac- 
tices such  as  thermostat  settings,  children  and  pets,  work  schedules,  kind 
of  activity,  lighting,  cooking  and  bathing. 

In  the  actual  filtering  process,  time  frame  was  an  important  consider- 
ation, and  all  actions  were  qualitatively  assessed  as  to  their  potential  in 
the  near  time  frame  (1975-1985).  One  of  the  group's  actions  which -was  selected 
for  an  in-depth  study  — use  of  solar  energy  lor  neating,  cooling,  and  hot 
water  — has  low  potential  in  the  near  time  frame.  Nevertheless,  solar  en- 
ergy will,  become  increasingly  important  as  a new  energy  source  in  the  mid  to 
long  term  and' thus  was  our  justification  for  consideration.  Likewise,  the 
selection  of  reduced  lighting  as  a major  consideration  was  based  somewhat  on 
its  great  potential  for  immediate  savings  in  the  commercial  sector. 

For  a comprehensive  analysis  of  each  action  in  terms  of  requirements, 
potential  savings  in  quads,  and  a detailed  discussion  of  impacts,  one  should 
refer  to  Appendix  G.  A -brief  summary  of  the  actions  is  in  the  followina 
Section  7.5.1. 


7.5.1  UTILIZING-SOLAR  ENERGY  FOR  HEATING  AND  COOLING 

The  abundant  availability  of  solar  energy  has  been  recognized  as  having 
great  potential  as  a substitute  for  traditional  fossil  fuels  for  space 
heating,  cooling  and  hob  water  heating.  Projected  savings  attributed  to 
solar  energy  based  on  varying  levels  of  development  are  as  follows: 

1985:  .4  to  2.0  quads/year 

2000:  1,7  to  6.2  quads/  year 
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The  lower  figures  (.4  and  1.7)  represent  a gradual  expansion,  while 
the  higher  figures  (2.0  and  6.2)  reflect  maximum  expansion  possibilities. 
[MEGASTAR-74]  While  the  technology  necessary  to  implement  solar  heating/ 
cooling  is  readily  available  and  while  public  attitudes  are  favorably 
disposed  towards  solar  implementation,  the  economics  of  installing  solar 
systems  as  compared  to  conventional  heating/cooling  systems  is  the  major 
mitigating  factor  to  its  widespread  application.  The  current  lack  of  a 
large  market  area  to  encourage  the  manufacture  of  solar  components  is  also 
due  to  present,  but  rapidly  changing,  energy  economics. 


Technology 

Solar  technology  has  been  successfully  demonstrated  through  several 
proof-of-cqncept  experiments,  and  a small  but  rapidly  growing  solar  energy 
industry  is  emerging.  The  federal  government,  having  recognized  the  need  to 
develop  solar  energy  as  an  alternate  source,  is  providing  research  and  devel- 
opment funding  to  assist  in  promoting  solar  energy  and  the  related  industrial 
sector.  Studies  indicate  [MEGASTAR-74,  TERRASTAR-73,  PI-74]  that  all-  necess- 
ary requirements  {technical  knowledge,  manpower,  materials,  dollars)  to  suc- 
cessfully implement  solar  energy  as  an  alternate  fuel  source  are  readily  avail- 
able. 


Impacts 

The  implementation  of  solar  energy  systems  will  produce  impacts  of 
significant  magnitude  in  a variety  of  societal  areas.  Those  related  to  the 
building  industry  who  will  be  affected  include  homeowners,  building  contract- 
ors, financial  institutions,  insurers,  architects,  engineers,  craftsmen, 
unions,  local, -state  and  national  governmental  agencies,  and  manufacturers 
and  suppliers  of  component  systems. 

the  widespread  use  of  solar  collectors  vnT1  create  impacts  on  land-use 
patterns  and  poTjcies  related  thereto..  These  will  include  consideration  for 
such  elements  as'  siting,  shading,' orientation,  air  space  rights  and  land- 
scaping. 

Architectural  considerations  will  include  concern  for  esthetics  when 
incorporating  solar  collectors  into  the  building  envelope.  Also,  building 
designers  with'  solar  expertise  will  be  In  greater  demand  than  in  the  past. 
Engineering  design  disciplines  will  be  required  to  become  familiar  with  solar 
systems  equipment  and  design  requirements.  Architects  and  engineers  may  re- 
quire additional  education  in  order  to  become  familiar  and  qualified  to  de- 
sign solar  systems.  ' 

It  will  be  necessary  to  give  consideration  to  natural  environmental 
hazards  that  may  adversely  affect  the  operation  of  solar  systems.  Phenom- 
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ena  such  as  hail,  wind,  blown  dust  and  other  particulate  matter  will 
require  consideration! 

Political  impact  analyses  will  include  an  investigation  into' the  role 
federal,  state  and  local  governments  could  play  in  assisting  the  develop- 
ment of  a solar  industry,  assessing  policies  related  to  special  interest 
groups  (oil  companies,  utilities,  consumers,  energy  producing  states)  and 
repercussions  from  legislative  actions. 

Social  and  psychological  effects  from  implementing  solar  technology 
which  result  in  changes  in  lifestyles  and  affect  health  .and  safety  must 
also  be  investigated. 

Economic  impacts  must  be  viewed  as  they  affect  the  manufacturer,  design- 
er, builder  and  consumer  of  solar  systems. 

Overall,  the  successful  implementation  of  solar  energy  technology 
requires  an  assessment  and  understanding  of  the  complexities  reflected  by 
impacts  and  requirements  associated  with  such  an  action. 


7.5.2  REDUCING  CONSUMPTION  AND  INCREASING  EFFICIENCY  OF  BUILDINGS 
AND  SYSTEMS  FOR  HEATING,  VENTILATING  AND  AIR  CONDITIONING 

Reducing  consumption  and  increasing  efficiency  of.  buildings  and  systems 
for  heating,  ventilating  and  air  conditioning  is  an  action  with  many  parts. 
Considering -a  1972  consumption  of  16.7  quads  CNPC-74]  and  projected  growth 
rates  of  2.1%  and  4.1%  per  year  for  residential  and  commercial  energy, 
approximately  40%  of  the  primary  energy  consumed  by  the  residential /commer- 
cial sector  can  be  saved.  Potentially  7.1  quads  per  year  can  be  conserved 
by  a selection  of  specific  activities.  Tables  7.3-1  and  7.3-2  list  activi- 
ties which  can  produce  this  saving. 

Those  portions  of  the  action  which  are  operational  in  nature  and  require 
consumers  to  change  their  patterns  can  be  instituted  readily  if  consumers 
understand  them  and  are  interested  in  participating.  Little  money,  material 
or  manpower  is-:  required  to  carry  out  the  activities.  It  is  possible  to 
build  the  changes  into  the  system  at  small  cost  and  to  hire  servicemen  for 
maintenance  if  the  consumer  so  desire§...  ■ 

The  portions  of  the  action  which  require  physical  design  changes  also 
require  moderate  investment  of  money,,  materials  .and.^manpower.' . Financial. in- 
centive is  very  useful  in 'iraplemeritipg-'fhe  changes--  - • ' 
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Changes  in  the  heating,  ventilating  and  air  conditioning  systems  entail 
larger  sums  of  money,  materials  and  manpower.  As  costs  increase,  implementa- 
tion becomes  more  difficult.  Life  cycle  costing  may  help,  especially  if  it 
can  be  demonstrated  that  initial  cost  differential  can  be  recovered  in  a 
reasonable  length  of  time.  The  concept  of  life  cycle  costing  is  one  which 
must  be  emphasized  to  the  consumer  and  explained  in  terms  of  the  financial 
benefits  to  him  in  the  long  run.  Initiation  of  an  education  program  to  in- 
form the  consumer  of  these  potential  benefits  should  be  given  high  national 
.priority.  The  obvious  benefits  of  the  action  are  seen  in  conservation  of 
resources.  If  such  conservation  is  reflected  in  dollars,  then  money  is 
available  for  other  desires.  Conservation  can  supply  peace  of  mind  and  re- 
duce certain  health  dangers.  It  depends  on  substituting  manpower  for  energy. 

An  example- of  a specific  energy  conservation  action  which  demonstrates 
the  concepts  of  life  cycle  costing  and  the  potential  foV  financial  and 
energy  conservation  benefits  is  the  installation  of  heat  pumps  in 
100%  of  the  new  single  family  dwelling  units  to  be  built  in  the  period 
1975  to  1985  and  projected  to  have  electric  space  conditioning.  This 
example  also  addresses  the  questions  of  consumer  education  and  incentives 
to  install  energy  conserving  equipment,  as  well  as  the  impacts  that  would 
result  if  such  an  action  were  implemented. 

The  analysis  of  this  action  indicated  that  an  energy  savings  of  0.4 
quads  could  be  realized  by  1985  with  relatively  minor  impacts.  A discussion 
of  heat  pump  technology,  the  assumptions  underlying  the  analysis,  the 
analysis,  .and  a discussion  of  potential  impacts  are  given  in  Appendix  G.2. 


7.5.3  MANDATE  GOVERNMENT  STANDARDS  FOR  LIGHTING.  IN  ALL  NEW  AND -EXISTING 
COMMERCIAL  STRUCTURES  (50-30-10  footcandle  standard) 

According  to  Project  Independence  [PI-74,169],  lighting  accounted  for 
about  10  percent  of  the  total  energy  consumer  in  the  household  and  commercial 
sectors  in  1972,  or  about  1.8  quads.  Approximately  73  percent  of  the  energy 
used  for  lighting,  or  1.3  quads,  is  consumed  by  the  commercial  portion.  At 
the  present  time,  lighting  is  the  major  important  government  energy  conserv- 
ation measure  in  effect  in  the  buildings  sector.  As  a result,  the  Federal 
Energy  Management  Program,  of  which  "delamping"  or  reducing  lighting  levels 
is  a major  action,  saved  an  estimated  2.7  trillion  BTU's  or  $760  million  in 
fuel  costs  in  fiscal  year  1974. 

The  total  saving  potential  after  the  establishment  of  mandatory  federal 
standards,  including  federal  monitoring  and  compliance  mechanisms,  would 
save  an  estimated  .65-1.4  quads  per  year  by  1980  — 90  percent  of  which 
would  be  realized  the  first  year. 
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Requirements 

An  immediate  beneficial  effect  would  result  from  the  observance  of  the 
standard  with  only  small  capital  requirements  needed  form  the  commercial 
sector  for  implementation.  However,  an  estimated  $25  to  $50  million  per 
year  would  be  spent  at  the  federal,  state  and  local  levels  for  administra- 
tive and  compliance  costs.  Manpower  and  material  requirements  within  the 
sector  would  be  small. 


Impacts 


The  action  would  require  federal,  state  and  local  legislation  or  regu- 
lation, and  the  50-30-10  footcandle  'standard  would  become  a condition  attach- 
ed to  federal  grants  and  mortgages.  The  policy  would  result  in  some  reduct- 
ion in  sales  by  bulb  and  lighting  equipment  manufacturers  — perhaps  as  much 
as  15-25  percent.  This,  of  course,  would  result  in  an  employment  decrease 
for  these  manufacturers,  but  the  decrease  would  be  buffered  overall  by  an  in- 
creased need  for  maintenance  people  to  implement  the  program  and  for  govern- 
ment people  to  carry  out  enforcement. 

Reduced  night-lighting  could  cause  a higher  incidence  of  crime  and 
vandalism,  resulting  in  increased  expenditures  for  repair  and  increased 
security  personnel. 

Changes  would  be  required  in  the  heating  and  cooling  systems  and  prac- 
tices. For  example,  one  would  have  to  consider  that  some  all -electric  build- 
ings use  lighting  as  a source  of  heat  and  that  reduced  lighting  would,  impact 
wet  or  dry  heat  of  light  systems. 

One  distinct  advantage  in  reduced  lighting  would  be  the  savings  result- 
ing from  the  subsequent  reduced  energy  consumption  due  to  the  resulting 
decreased  demand  for  air  conditioning. 

Reduced  lighting  would  probably  have  a significant  effect  on  utility 
load  factors,  especially  in  large  metropolitan  areas. 

Designing  new  buildings  to  meet  the  50-30-10  standard  and  to  generally 
save  energy  by  reducing  the  lighting  demands  means  .a  consideration  of  a- 
multitude  of  requirements  and  subsequent  impacts.  Many  of  these  are  dis- 
cussed in  detail  in  Appendix  G.4,  where  an  in-depth  analysis  of  the" 
above  is  given* 
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7.5.4  REDUCED  CONSUMPTION  AND  INCREASED  EFFICIENCY  OF  RESIDENTIAL  HOT 
WATER  SYSTEMS 

In  1970,  1.7  quads,  or  approximately  4%  of  the  total  national  energy 
consumption,  was  used  for  hot  water  heating.  Under  the  assumptions  of  no 
major  technological,  price,  or  governmental  policy  change,  consumption  is 
projected  to  be  2.3  quads  in  1985  [PI-74nlI]..  The-.analyses- and  potentials 
of  five  actions  are  presented  in  Appendix  Gr5.  They  are  to  reduce  hot  water 
usage  by:  (1)  lowering  the  tub  bath  level  by  one  inch  (or  equivalent  for 

shower)  (2)  use  of  cold  water\detergents  (3)  washer  replacements  in  leaky 
faucets  (usually  hot  water),  (4)  reduce  thermostat  settings  on  hot  water 
heaters,  and  (5)  increased  insulation  of  hot  water  heaters.  The  1970- 
total  potential  for  savings  of  all  actions  was  greater  than  one  quad  with 
a total  per  family  saving  of  nearly  fifty  dollars  per  year.  The  potential 
is  projected  to  be  nearly  one  and  one-half  quads  in  1985. 

Only  action  number  5,  increased  insulation,  has  a substantial  material 
requirement;  it  is  approximately  30  square  feet  of  3 inches  insulation/ 
hot  water  heater  at  an  estimated  cost  of  5 dollars.  With  the  estimated 
saving  of  12  dollars  per  year*  this  cost  would  be  regained  in  5 months.  If 
all  family  units  (70  million  in  1972  [PI-74<5])  insulated  their  hot  water 
storage  tanks,  the  insulation  requirements  would  be  small  compared  to  that 
for  new  house  construction  (cf.  Appendix  G.5). 

It  is  believed  thatihe  major  obstacle  to  implementing  the  five  actions 
is  public  acceptance;.  The  one  and  one-half  quad  potential  savings,  at 
a very  small  cost  in  manpower  and  other  requirements,  strongly  warrants  a 
public  education  program. 


For  the  magnitude  of  benefits,  the  impacts  are  small.  As  noted  above, 
the  material  requirements  would  slightly  increase  the  demand  for  insulation 
in  the  housing  market.  Water  temperatures  of  140°F  and  the  bactericidal 
action  of  dish  water  detergents  are  adequate  for  removal  of  pathogenic 
bacteria,  if  the  dishes  are  not  allowed  to  set  before  rinsing.  For  automatic 
dish  washers,  there  is  insufficient  study  to  insure  safety  at  lower  temp- 
eratures. 

A detailed  analysis  of  the  five  selected  actions  for  reducing  con- 
sumption and  increasing  efficiency  of  residential  hot  water  systems  is 
included  in  Appendix  G.5. 
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7.6  ASSESSMENTS 

In  the  previous  sections  of  this  chapter,  -specific  conservation  actions 
were  identified,  their  requirements  found,  and  the  impacts  discussed.  Each 
action  was  treated  as  if  it  was  to  be  implemented  alone,  without  regard 
to  any  other  proposed  action.  The  purpose  of  this  section  is  to  analyze  the 
group  of  actions  in  the  residential/commercial  sector  assuming  simultaneous 
implementation.  The  analysis  of  all  actions  at  once  allows  identification 
of  possible  areas  of  conflict  between  various  actions,  as  well  as  possible 
areas  where  actions  reinforce  one  another. 

The  major  constraint  on  cross-action  assessment  is  that  the  actions 
being  considered  must  be  implemented  in  the  same  general  time  frame. 

However,  it  is  possible  to  realize  from  this  approach  that  those' actions  in  an 
early  time  frame  might  help  or  hinder  the  implementation  of  an  action 
in  a later  time  frame. 

The  cross-action  assessment  matrix  shown  in  Table  7.6-1  lists  the  five 
major  conservation  actions  chosen  for  study  by  the  residential/commercial 
task  group.  The  box  at  the  intersection  of  columns  and  rows  indicates 
whether  the  two  actions  are 

(C):  complementary,  independent,  or  reinforcing 

(T) :  in  need  of  a trade-off,  or  mildly  interfering 

(I):  strongly  interfering,  or  difficult  to  implement  simultaneously 

(U) :  uncertain  as  to  how  they  interact. 

As  seen  on  the  matrix,  no  one  of  the  actions  is  complementary  with  all  four 
of  the  other  actions  (read  down  and/or  left  from  the  "dot"  box  to  see  how 
an  action  interacts  with  all  the  others). 

Five  of  the  possible  double-action  combinations  appear  to  be  comple- 
mentary or  they  can  be  implemented  independently.  The  "lighting  standards  in 
commercial  buildings"  and  "heat  pump  installation  in  residences"  actions  are 
an  example  of  apparently  unrelated  actions.  "Increasing  building  efficiency" 
and  "using  solar  energy"  are  actions  which  would  complement  one  another  if 
instigated  concurrently. 

An  exanipl^e  of  a trade-off  interaction  would  implement  "using 
solar  energy" ^nd  "heat  pumps"  together.  The  use  of  sbTar-assisted  heat 
pumps  has  been  suggested  by  many  and  seems  a viable  combination  of  con- 
servation measures.  The  "commercial  lighting"  and  "reduce  consumption  in 
buildings"  actions  were  deemed  interfering  because  many  commercial  building 
have  a significant  portion  of  their  heating  load  supplied  by  the  lighting. 

In  conclusion,  it  should  be  noted  that  the  assessment  of  actions  should 
not  only  be  carried  out  at  the  sector  level,  but  also  at  the  overall  economy 
level.  This  will  be  the  focus  of  Chapter  8,  the  integration  of  all  sector 
actions  into  an  overall  analysis. 
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TABLE  7.6-1  RESIDENTIAL/COMMERCIAL  SECTOR  CROSS-ACTION  ASSESSMENT 
MATRIX 


LEGEND: 

"C"  means  the  two  actions  £ortipleinent  each  other 
"T"  means  the  actions  need  a [tradeoff  (minor  interference) 
"I"  means  the  two  actions  interfere  with  each  other 
"U"  means  it  is  uncertain  how  the  actions  interact 


Reduce  consumption  and  increase 
efficiency  of  buildings  and 
systems  for  HVAC 

(Group  Action) 

Reduce  consumption  and  increase 
efficiency  of  domestic  hot 
water  systems 

(Group  Action) 

Use  solar  energy  for  space 
heating  and  cooling  and  hot 
water  heating 

Install  heat  pumps  in  100%  of 
electrically  heated  single 
family  residences  built  in  the 
period  1975-85 


Mandate  government  standards 
for  lighting  in  all  new  and 
existing  commercial  structures 
(50-30-10  footcandles  standard) 
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CHAPTER  8.  INPUT-OUTPUT  ANALYSIS  OF  SOME  SECTOR  ACTIONS 


Selected  conservation  actions,  discussed  in  depth  in^Chapters  4. 
through  7,  are  brought  together  in  this  chapter  and  assessed  as  a group. 
Particular  emphasis  is  devoted  to  identifying  secondary  or  indirect  impacts. 
Preliminary  results  obtained  from  the  ECASTAR  energy  input-output  model 
suggest  that  the  impacts  of  energy  conservation  actions  can  be  grossly 
misrepresented  if  secondary  impacts  are  not  included  in  the  assessment. 

A methodology  which  stresses  the  importance  of  secondary  and  multiple 
interactions  permeates  the  underlying  philosophy  of  this  chapter. 


8.1  INTRODUCTION 

The  ECASTAR  group  realized  the  necessity  of  viewing  potential 
conservation  actions  from  at  least  two  perspectives.  The  first  perspective 
was  at  the  task  group  level.  At  this  level  the  economy  was  dissected  into 
four  principal  areas;  the  energy  industry,  manufacturing,  transportation, 
and  residential/commercial  sectors.  This  disaggregation  of  the  economy 
afforded  the  group  the  opportunity  to  concentrate  on  the  details,  require- 
ments, and  feasibility  of  specific  conservation  proposals.  At  the  task  group 
level  hundreds  of  actions  were  examined  and  weighed  as  to  their  potential 
importance  and  applicability.  The  task  group  organization  permitted  a 
systematic  screening  for  major  actions.  Representative  actions  were  presented 
by  task  group  area  in  the  previous  four  chapters. 

The  second  perspective  focused  on-  the  aggregate  economy.  At  this 
level  the  group  sought  to  assess  more  completely  the  probable  impacts 
that  a conservation  action  or  set  of  conservation  actions  would  have  on  the 
economic#  social,  and  political  environment.  Impacts  could  only  be  partially 
evaluated  at  the  task  group  level.  Actions  undertaken  in  one'sector  were 
likely  to  constrain  or  impinge  upon  actions  undertaken  in  another 
sector.  By  adopting  a global  perspective  the  compatibility  and  effectiveness 
of  conservation  actions  (and  the  resulting  probable  perturbations  to  the 
economy)  could  be  displayed  and  assessed.  Without  this  perspective  it 
was  thought  that  any  conclusions  regarding  the  potential  contribution  of 
an  action  would  be  premature. 

In. this  chapter  some  of  the  major  actions  that  were  presented  in  the 
sector  chapters  are  analyzed  further,  from' the  total  economy  perspective. 

At  this  level  of  analysis  the  focus  shifts  to  an  examination  of  conservation 
policy  as  well  as  to  the  total  effectiveness  of  conservation  actions. 
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A model  was  needed  that  both  bridged  the  four  sectors  and  permitted 
aggregation  of  the  sectors  back  to  the  integrated  economic  whole.  Such 
a requirement  is  formalized  in  the  input-output  model.  The  ECASTAR  group 
constructed  an  input-output  "model"  to  serve  as  a mode  of  analysis  and ‘to 
provide  a structure  v/ithin  vjfh.ich  conservation  policy  could  be  eyaluated. 

Specific  in-depth  analysis  is  a secondary  emphasis  of  this  chapter. 
This  consideration  was  partly  dictated  by  constraints  on  time  and  manpower 
available  to  the  group.  In  this  chapter  the  analysis  of  a few  potential 
actions  is  really  of  secondary  interest.  For,  before  an  investigation 
can  get  started,  the  methodological,  and  analytical  underpinnings  of  the 
investigation  have  to  be  firmly  charted.  This  chapter  describes  one  such 
approach  to  the  assessment  of  auctions. 


8.2  THE  ECASTAR  ENERGY  INPUT-OUTPUT  MODEL 

The  ECASTAR  energy  input-output  model  consists  of  thirty  sectors. 
Represented  in  this  group  of  thirty  are  five  energy  producing  sectors,, 
fifteen  manufacturing  industries,  two  residential  and  commercial  sectors, 
and  eight  service  industries.  The  Itst  of  sectors  is  given  in  Table  8.2-1. 

As  input-output  models  go,  the  ECASTAR  model  is  quite  modest.  The 
U.  S.  Department  of  Commerce,  for  example,  has  constructed  a 378  sector 
representation  of  the  economy.  Whereas  a large  model  permits  the  display 
of  considerable  detail,  its  size  makes  it  cumbersome  when  the  focus  of 
attention  is  policy  analysis.  The  ECASTAR  mode?  is  large  enough  to  permit 
the  tracing  of  major  impacts  and  Interindustry  repercussions  and  yet  is 
small  enough  to  be  manageable  and  amenable  as  a tool  suitable  for  various 
policy  simulations. 

Input-output  analysis  is  Inherently  a static  analysis.  However, 
conservation  actions  are  likely  to  be  felt  over  a period  of  time,  suggesting 
that  the  impacts  of  the  actions  will  operateon  the  dynamics  of  the  system. 
The  ECASTAR  group  designed  their  model  so  that  it  was ‘capable  of  being  used 
in  an -iterative  procedure.  For  example,  the  first  phase  would  be  identifying 
and  measuring  the  direct  impacts  on  the  structure  of  the  model  (economy) 
resulting  from  the  enactment  of  a policy  or  conservation  action.  The 
second  phase  would.be  the  feed-back  of  these  direct  impacts  into  the  model, 
a sort  of  response  adjustment,  to  determine  the  scope  and  magnitude  of  the 
indirect  impacts.  It  is  these  indirect  impacts  which  are  very  important 
and  often  overlooked.  Time  and  other  constraints  made  it  impossible  for 
the  ECASTAR  group  to  explore,  in  depth,  the  iterative  process.  However, 
the  group  recommends  that  this  approach  be  thoroughly  investigated.  A 
modest  sized  I-O  model  would  be  best  suited  for  the  analysis  of  the  dynamics 
of  the  system.  -In  a large  system  one  can  easily  become  overwhelmed  with 
too  much  detail  and  too  many  spurious  relationships.  Examination  of  an 
action  in  the  context  of  a modest  sized,  manageable  model  facilitates  the 
use  of  a more  complex  model  for  detailed  investigations. 


TABLE  8.2-1  INDUSTRY  GROUPS  CONTAINED  IN  THE  ECASTAR  INPUT-OUTPUT  MODEL 


Group 

1 

2 

•3 

4 

5 

6 


7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Group  Title  , 

Livestock,  agricultural  products,  forestry  products  and 
related  services  (SIC  01-09} 

Iron,  nonferrous  raining  (SIC  10) 

Coal  mining  (SIC  11-12) 

Crude  petroleum  and  natural  gas  (SIC  13) 

Stone,  clay  mining;  chemicals  and  fertilizer  mineral 
mining  (SIC  14} 

New  construction,  maintenance  and  repair  construction 
(SIC  15-16) 

Ordnance  and  accessaries  (SIC  17--ia)' 

Food  and  kindred  products,  tobacco  manufactures  (SIC  20-21) 
Textiles,  apparel,  textile' products  (SIC  22-23} 

Lumber,  wood  products,  furniture  (SIC  24-25) 

Paper  and  allied  products  (SIC  26-27) 

Chemicals  and  allied  products  (SIC  28} 

Petroleum  refining  and  related  industries  (SIC  29) 

Rubber,  leather  products  (SIC  30-31) 

Glass,  glass  products,  stone  and  clay  products 

Primary  Metals  (SIC  33) 

Metal  container,  fabricated  metal  products  (SIC  34) 
Machinery  (SIC  35) 

Household  appliances  (SIC  363) 

Electric  lighting  and  wiring  equipment  (SIC  364) 
Miscellaneous  electrical  machinery  (SIC  36) 

Motor  vehicles  and  other  transportation  equipment  (SIC  37) 
Miscellaneous  manufacturing  (SIC  38-39) 

Transportation  and  warehousing  (SIC  40-47)  - 
— Communications,  except  radio  and  TV  (SIC  48) 

Electric  utilities  (SIC  491) 

Gas  utilities  (SIC  492) 

Water  and  sanitary  services  (SIC  494) 

Wholesale  and  retail  trade  (SIC  50-52) 

Other, services,  government  enterprises  (SIC  60-80) 
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The  ECASTAR  I-O  model  was  constructed  by  aggregating  the  interindustry 
transactions  contained  in  the  U;  S.  Department  of  Commerce  1967  input-output 
table  [SCB-74].  The  Department  of  Commerce  input-output  model  is  presented 
in  Appendix  H and  categories  of  aggregation  are  discussed.  All  dollar  values 
reported  will  be  in  terms  of  1967  dollars  unless  otherwise  indicated.  Direct 
energy  use  values  were  obtained  from  [CAC-75].  From  this  data  energy 
transactions  matrices  were  computed.  Labor  statistics  were  obtained  from  the 
Bureau  of  Labor  Statistics  Bulletin  No.  1831.  A discussion  of  how  the  dollar 
transaction  matrix  was  converted  to  a labor  or  energy  transactions  matrix 
is  reserved  for  Appendix  C'.  . 

The  ECASTAR  model  is  capable  of  tracing  the  impacts  of  an  action  in 
three  dimensions:  dollars,  BTU's  of  energy,  and  labor  employment.  Other 
dimensions  of  analysis,  social  and  political  for  example,  are  not  easily 
integrated  into  the  I-O  structure.  An  analysis  of  impacts  in  these 
dimensions  must  be  handled  through  different  modes.  Table  8.2-2  presents 
the  value  of  output,  value  of  final  demand,  direct  energy  transacted,  and 
labor  employed  in  each  of  the  30  groups  in  1967. 


8.3  THE  BASE  CASE 

The  actions  investigated  in  this  chapter  will  be  evaluated  in  two 
contexts.  'The  first  will  be  relative  to  1967.  The  second  will  be  relative 
to  a base  case— the  BLS  projections  of  the  structure  of  the  U.  S.  economy 
in  1985[BLS-75].^  The  aim  is  to  present  the  positive- and  negative  aspects -of 
energy  conservation.  The  BLS  projections  mirror  historical  growth.  The 
advantage  of  the  BLS  report  is  that  it  contains  projected  final  demands  for 
each  industry  group. 

The  general  assumptions  underlying  the  BLS  projections  are: 

An  unemployment  rate  of  approximately  4%  and  an  annual 
rate  of  35^  in  the  GNP  price  deflator. 

The  institutional  framework  of  the  economy  will  not  be  greatly  altered. 

Expenditures  diverted  to  solving  air -and  water  pollution,  waste 
disposal,  urban  congestion  etc.  will  not  have  more  than  a marginal 
effect  on  overall  economic  growth. 

The  1).  S.  energy  supply-demand  balance  will  follow  the  projections 
contained  in  " U.  S.  Energy  Through  the  Year  2000".  _[Dupree-72]  which 
implies  a continued  reliance  on  imported  oil. 


TABLE  8.2-2 

LEVELS 

OF  OUTPUT, 

ENERGY 

AND  EMPLOYMENT  - 

BASE  CASE, 

1967 

TABLE 

8.2-’2 

• 

t 

Group 

BTU's  Directly 

Final 

Total 

Total 

Purchased 

xl0l5 

Demand 
$ xlO^ 

Output 
$ xlO^ 

Em  pi  oyrnent 
xl03 

1 

1.107 

9.301 

63.793 

4178 

2 

.111 

.255 

3.384 

81 

3 

.033 

.618 

3.163 

147 

4 

1.805 

.028 

15.031 

297 

5 

.214 

.240 

3'.  382 

124 

6 

1.291 

85.584 

103.280 

3985 

7 

.074 

6.925 

10.731 

317 

8 

.943 

70.970 

97.3.91 

1912 

9 

.359 

22.094 

47.484 

2384 

10 

.231 

7.251 

21.392 

1145 

n 

1.242 

8.624 

44.882 

1824 

12 

2.902 

13.992 

47.102 

1003 

13 

2.931 

12.870 

26.975 

183 

14 

.217 

7.090 

19.139 

872 

15 

1.232 

1.161 

14.827 

634 

16 

4.427 

2.447 

52.593 

1351 

17 

.031- 

4.658 

37.677 

1386 

18 

.370 

35.293 

65.124 

2448 

19 

-7  042 

3.956 

5.450 

175 

20 

.027 

.965 

4.118 

202 

21 

.109  - 

16.441 

28.614 

1167 

22 

.355 

49.545 

73 . 544 

1954 

23 

.785 

11.900 

20.327 

906 

24 

3.053 

20.653 

52.823 

2838 

25 

.029 

10.094 

19.328 

852 

26 

11.382 

7.065 

18.604 

446 

27 

18.501 

3.991 

■ 13.432 

163 

28 

.098 

1.546 

3.116 

46 

29 

2.525 

120.815 

1 63-.  365 

16153 

30 

2.929 

250.207 

428.994 

17101 
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Thus  the  BLS  projections  were  made  before  the  "oil  embargo"  and 
"energy  crisis."  Needless  to  say,  the  projections  are  being  revised. 
Nonetheless,  the  BLS  projections  serve  well  to  characterize  historical 
growth.  Revised  estimates  of  the  U.  S.  economy  in  1980  and  1984  recently 
published  by  [Chase-75]  provide  the  opportunity  for  estimating  the  impact 
on  energy  use  and  thus  the  need  for  conservation  resulting  from  changing 
patterns  of  final  demand.  The  energy  sectors  explicitly  contained  in  the 
I-O  model  are  coal,  crude  petroleum  and  natural  gas,  refined  petroleum, 
electric  utilities,  and  gas  utilities.  Other  sources  of  energy  such  as 
nuclear,  solar,  and  geothermal  are  not  explicitly  contained  in  the  model. 
Considering  a time  horizon  of  1985,  this  omission  may  not  be  crucial. 
Nevertheless,  energy  shortfalls  uncovered  by  use  of  this  I-O  model  should 
be  evaluated  in  the  context  that  some  additional  supplies  were  not  included. 

Projected  output  levels  and  final  demands  for  1980  and  1985  are" 
presented  in  Table  8.3-1.  The  energy  requirements  for  1980  and  1985, 
assuming  this  historical  growth,  are  summarized  in  Table  8.3-2. 

The  case  for  conservation  can  be  seen  clearly  on  Figure  8.3-1.  The 
bottom  lines  refer  to  1985  projected  energy  demand.  The  solid  lines  refer 
to  projected  energy  supplies.  The  dashed  area  indicates  the  projected 
shortfall.  Conservation  is  aimed  at  mitigating  the  size  of  the  shortfall. 


8.4  ACTIONS 

Four  actions  were  selected  from  Chapters  4-7  to  demonstrate  the  applicability 
of  the  I-O  model  in  assessing  impacts  of  conservation  actions.  Unfortunately, 
time  and  budget  1 imitations -prevented  the  ECASTAR  group  from  analyzing  all 
the  major  actions  contained  in  Chapters  4-7.  Another  set  of  actions  which 
have  been  linked  with  proposed  legislation  is  discussed  in  Chapter  9 of  this 
report. 

The  four  actions  considered  in  this  chapter  are: 

A 3 OX  increase  in  fuel  efficiency  applied  to  the  chemicals  and 
refined  petroleum  groups. 

A 40%  reduction  in  fuel  used  in  the  transportation  and  warehousing 
group. 

Manufacturing  of  smaller  automobiles  using  25X  less  steel  and  rubber 

A communications /transportation  tradeoff. 

These  actions'"  were  applied  both  to  1967  levels  of  output  and  to  1985 
projected  levels. 
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TABLE  8.3-1  BUREAU  OF  LABOR  STATISTICS  PROJECTED 
FINAL  DEMAND  IN  1980  AND  1985(1963  DOLLARS) 


Group 

1,980 

1985 

($  xl09) 

($  xlO^) 

1 

14.530 

16.237 

2 

.353 

.459 

3 

.943 

1.050 

4 

.049 

.046 

5 

.417 

.520 

6 

125.305 

148.419 

7 

7.013 

8.336 

8 

- 93.093 

104.441 

9 

33.643 

37.977 

10 

11.791 

13.321 

11 

14.825 

17.597 

12 

32.582 

40.515 

13 

22.453 

26.805 

14 

1 1 . 583 

13.598 

15 

1.813 

2.084 

16 

4.804 

5.821 

17 

6.784 

7.942 

18 

61.957 

76.874 

19 

8.502 

10.306 

20 

1.937 

2.369 

21 

30.409 

37.151 

22 

91.657 

104.347 

23  ~ 

^ 21.469 

26.499 

24 

36.787 

43.814 

25 

25.858 

33.921 

26 

19.741 

23.879 

27 

7.939 

,9.394 

28 

1.819 

1.847 

29. 

194.870 

226.800 

30 

301.524 

344.517 

TABLE  8.3-2.  ENERGY  REQUIREMENTS  FOR  1980  AND  1985 

BASE  CASE 

(Quadnllion  BTU's) 


Coal 

1967  Base  14.8 
1980  24.6 
1985  29.0 


Refined  Petroleum 

26.1 

34.9 

49.0 


Natural  gas  1 

18.45  J 

.39.9  f 

44.0  12 


COAL 


REFINED 

PETROLEUM 


NATURAL 

GAS 


1967  ACTUAL 


1985  ESTIMATED 
SUPPLY 

1985  ESTIMATED 
DEMAND 


1967  ACTUAL 


1985  ESTIMATED- 
SUPPLY 

1985  ESTIMATED 
DEMAND 


1967  ACTUAL 


1985  ESTIMATED 
SUPPLY 

1985  ESTIMATED 
DEMAND 


FIGURE  aS-l.  THE  CASE  FOR  CONSERVATION 
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8.4.1  INDUSTRIAL  FUEL  EFFICIENCY 

Using  advanced  technology  it  was  suggested  that  by  1985  fuel  efficiencies 
can  be  increased  by  30%  in  the  chemical  and  petroleum  refining  industries(see 
Chapter  5).  The  impact  on  total  BTU's  purchased  will  be  30$^  times  the  propor- 
tion of  transacted  energy  going  for  combustion  purposes.  A rough,  conservative 
estimate  for  the  chemicals  and  refining  sectors  is  70%[CAC-74].  Thus,  the 
direct  impact  on  total  BTU's  will  be  a decrease  of  approximately  20%.  Table 
8.4, 1-1  presents  a comparison  of  the  direct  impacts  that  a 20%  reduction  in 
fuel  use  would  have  in  1967,  1980,  and  1985. 

If  these  reductions  were  achieved  with  no  change  in  output  there  would 
be  no  major  identifiable  indirect  impacts.  As  a result  of  these  lower 
energy  requirements,  the  amount  available  to  other  sectors  would  increase. 

In  1967  this  would  amount  to  nearly  1 quad— or  5% 'of  total  industry  use. 


The  use  of  advanced  technology  means  that  the  transacted  BTU  per  dollar 
output  value  would  be  lowered.  From  Table  8.2-2  we  note  that  a majority 
of  the  output  produced  by  the  chemical  and  petroleum  refining  sectors  is 
sold  as  inputs  to  other  industries — not  directly  to  final  markets.  Thus, 
the  increased  efficiencies  obtained  in  these  two  sectors  are  distributed 
throughout  the  interindustry  structure.  An  increase  in  the  final  demand  for 
a product  which  has  a large  amount  of  imbedded  chemical  product  input  implies 
that  the  overall  product  efficiency  will  increase,  if  the  energy  imbedded 
in  the  inputs  is  "charged"  to  the  output  sector  (see  Appendix  E}.  Through 
this  accounting  scheme,  the  combined  impact  of  a change  in  final  demand  and 
the  increased  fuel  efficiency  can  be  assessed.  Final  demand,  not  total 
output,  drives  the  demand  side  of  the  system.  Total  output  is  of  interest 
primarily  when  actual  output  is  less  than  estimated  total  output.  To  put 
it  another  way^knowing  that  the  BTU  per  dollar  of  chemical  output  has 
declined  is  of  little  value  until  you  know  where  and  how  much  of  it  ends 
up  in  other  industries.  A change  of  the  energy  accounting  scheme  helps 
identify  energy  flows,  and  particularly  those  that  are  "targets  of  conservation 
potential."  The  structure  and  composition  of  final  demand  are  quite  important 
when  impacts  of  engineering  actions  are  evaluated.  An  extreme  example  would 
be  a process  which  cuts  energy  consumption  by  a large  percentage.-  If  this 
Industry  has  a small,  static  level  of  .final  demand,  the  process  improvement 
may  not  make  even  a marginal  impact. 

8.4.2  REDUCTION  IN  FREIGHT  FUEL  REQUIREMENTS 

A 40%  reduction  in  the  transportation  and  warehousing  group,  which 
includes  railroads,  motor  freight,  air  transpw^t,  and  water  transport, 
would  imply  savings  of.  1.1  x 10'^,  1.74  x 10^^,  2.06  x 10^^ 

BTU's  in  1967,  1980,  and  1985  respectively.  For  given  prices  of  fuels,  a 
40%  reduction  of  fuel  use  has  the  added  impact  of  moderating  the  cost  of 
transport  and  hence -ultimately  the  cost  of- final  goods  and  services. 
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TABLE  8.4. 1-1. 

DIRECT  FUEL  SAVINGS  BROUGHT  ABOUT  BY  A 30%  INCREASE  IN  FUEL  EFFICIENCY 

(Quadrillion  BTU's) 


1967 

1980® 

1985 

Chemical  and  Allied  Products 

.60 

1.12 

1.46 

Petroleum  Refining 

.35 

.56 

.69 

a.  Relative  to  the  base  case  projections  [Dupree-72]. 


Since  prices  cannot  be  explicitl:y  estimated  from  the  I-O  model,  some 
potential  impacts  can  only  be  suggested.  If  fuel  use  in  transportation 
decreases,  what  happens  to  transport  prices?  Would  there  by  any 
shift  to  rail  and  water  transport?  There  are  many  indirect  impacts  to 
examine  if  any  substitution  is  involved. 


8.4.3  ALTERED  AUTOMOBILE  REQUIREMENTS 

In  1967  the  automobile  sector  produced  total  output  valued  at  73.5 
billion(1967)  dollars.  In  producing  that  output  the  industry  required 
over  6 billion  dollars  of  input  from  the  primary  metals  industry  and  over 
1 billion  dollars  of  input  from  the  rubber  and  allied  products  sector. 

A 255^  reduction  in  steel  and  rubber  required  by  the  transportation  manu- 
facturing industry  would  result  in  a 3%  decline  in  output  from  primary 
metals  and  a 1.5%  decline  in  output  from  rubber  and  allied  products. 

The  direct  energy  impact  would  be  a reduction  of  .3  x 10  ^ BTU's. 

These  reductions  imply  a reduction  in  employment  of  40,000  in  primary 
metals  and  13,000  in  the  rubber  industry.  Note  that  these  numbers  are  rough 
estimates  only.  - The  level  of  aggregation  used  in  the  ECASTAR  model  does 
not  permit  a refinement  in  the  estimates— one  would  have  to  utilize  a larger 
I-O  model. 

A reduction  in  output  of  this  magnitude  causes  subsidiary  impacts  in 
the  economy.  What  happens  to  final  demand  as  a result  of  a shift  away  from 
heavier  cars?  Suppose  the  value  of  transportation  output  stays  constant. 

Then  the  reduction  in  steel  and  rubber  implies  decreases  in  the  final  demands 
for  all  sectors  included  in  the  model.  The  cumulative  effect  of  the  reductions 
in  primary  metals  and  rubber  amount  to  .8%  of  1967  GNP.  This  reduction  would 
be  accompanied  with  a decrease  of  over  400,000  in  total  emplojpent.  The 
new  levels  of  final  demand  imply  new  levels  of  output.  This  iterative 
process  would  continue  until  all  the  indirect  effects  were  included.  If 
the  trend  to  smaller  automobiles  was  accompanied  with  decreased  sales  and 
less  auto  production,  the  cumulative  effect  on  GNP  would  be  quite  substantial. 
So  important  are  these  sectors  that  actions  adversely  affecting  their  output 
could  quickly  throw  the  economy  into  a substantial  recession.  The  recent 
slump  in  the  auto  industry  provides  a perspective  on  how  interdependent 
industries  are  in  this  economy. 

The  auto  example  shows  the  possibility  of  many- potentially  important 
indirect  impacts.  For  example,  if  primary  metals  production 
is  down  and  workers  are  laid  off,  what  subsidiary  impacts  are  likely  to 
play  havoc  with  the  pattern  of  final  demand?  Sales  of  durable  consumption 
items  usually  do  not  fare  too  well  in  sluggish  times,  nor  do  auto  sales.  If 
smaller  cars  are  priced  on  a level  with  larger  cars  such  that  sales  do  not 
increase,  the  accumulation  of  inventories  (excess  supply)  impacts  on  the 
production  cycle.  A 20%  decline  in  auto  sales  will  reimpact  on  primary 
metal  production,  this  time  with  more  force,  as  well  as  on  all  other  sectors. 
It  would  be  a mistake  to  peg  economic  growth  solely  with  energy  growth. 

While  the  two  are  casually  related,  there  is  no  fixed  relationship  governing 
GNP  growth.  A recession  brought  about  by  adopting  questionable  actions  in 
the  name  of  conservation  would  be  an  extremely  myopic  and  costly  strategy. 
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8.4.4  ALTERNATIVE  GROWTH  ASSUMPTIONS 

The  direct  impacts  of  the  actions  which  were  just  highlighted  are 
presented  in  Tables  8. 4.4-1  and  8. 4. 4-2  for  1967  and  1985  respectively. 

Some  care  should  be  used  in  interpreting  the  entries  in  these  tables  due 
to  the  level  of  aggregation  employed.  The  1985  numbers  reflect  the  historical 
growth  assumption.  The  energy  sectors  were  not  included  in  these  tables  so 
that  attention  could  be  focused  on  non -energy  industry  impacts.  The  effect 
of  substitution  from  gas  to  coal  and  from  oil  to  coal  is  explored  in  Chapter 
9. 


The  energy  savings  in  1.967  amounted  to  a little  more  than  2.5  quads. 

This  would  have  been  accomplished  with  a reduction  of  employment  of  a little 
over  600,000.  In  1985,  the  projected  energy  savings  was  over  4 quads  at 
an  employment  cost  of  over  1 million.  If  indirect  effects  were  also  accounted 
for, the  total  effects  would  have  indicated  more  energy  saved  with  more  unem- 
ployment. 

It  has  been  stated  that  the  objective  of  investment  and  growth  is 
to  keep  the  real  GNP  growing— not  to  reapportion  shares  in  a constantly 
decreasing  GNP  [Simon-75].  Conservation  aimed  at  increasing  efficiency 
may  have  primarily  beneficial  direct  impacts.  Conservation  achieved  through 
changing  the  structure  of  demand(including  substitution  of  energy  sources 
and  reducing  demand)niay  well  alter  the  size  and  distribution  pf  the  GNP. 

It  was  argued  earlier  in  Appendix  E that  policy  which  impinges  on  production 
of -output  and  the  composition  of  final  demand  needs  to  be  carefal-ly  scrutinized 
for  hidden  and  indirect,  but  nevertheless  major,  impacts. 

That  a changing  structure  of  final  demand  impacts  on  energy  use  can 
be  demonstrated  by  comparing  the  energy  required  to  satisfy  the  level  of 
demand  forecasted  for  1980  by  Chase  Econometrics  with  that  level  of  demand 
assumed  in  the  historical  growth  c'ase  for  1980.  This  comparison  is  presented 
in  Tah.le  8. 4.4-3. 


8.4.5  COMMUNICATION  - TRANSPORTATION  TRADE  OFF 

The  possibility  of  conserving  energy  by  substituting  communications 
for  transportation  was  discussed  in  Appendix  F.5.  What  would  happen  to 
employment  and  BTU  use  if  1 billion  dollars  were  shifted  from  the  transportatii 
and  warehouse  sector  to  the  communications  sector?  Most  of  the  substitution 
would  originate  in  Industry.  The  transportation-warehouse  group,  number  24, 
included  travel  for  business  purposes..  No  other  category,  except  possibly 
wholesale/ retail  trade,  number  29,  appeared  to  be  directly  impacted  by  the 
substitution. 

Direct  add'itional  energy  use  in  the  communications'  sector  would 
increase  by  1.0  x.lO’':  BTU's,  Energy  saved  in  sector  24  would  be  approx- 
imately 60.5  x 10  BTU's,  or  a 60  fold  savings.-  A one  billion  dollar 
increase  for  communications  would  imply  an  additional  44,000  jobs.  A 
one  billion  dollar  decrease- in  transportation  would  imply  a loss  of  close 


TABLE  8.4. 4-1 

COMPARISON  OF  BTU  AND  LABOR  REQUIREMENTS 
WITH  AND  WITHOUT  CONSERVATION  ACTIONS- 
DI-RECT  CHANGES 
1967 


Sector® 

BTU's 

BTU's 

Labor 

Labor 

No  Conservation  , 

, Conservation 

No  Conservation 

Conservation 

xlO^^ 

..  xl  0l  5 

xl 

xlO^ 

1 

1.10 

•1.08 

4178 

4124 

2 

- .11 

.10 

81 

87 

5 

.21 

.19 

124 

114 

6- 

1.29 

1.26 

3985 

3904 

7 

.07 

.06 

317 

283 

8 

.94 

.92 

1912 

1879 

9 

.36  • 

.35 

2384 

2324 

10 

.23  • 

.22 

1145 

1118 

11 

• 1.24 

1.08 

1824 

1757 

12 

2.90 

2.35 

1003 

903 

14 

.22 

.21 

872 

846 

15 

1.23 

1.06 

634 

588  . 

16 

4.43 

4.05 

1351 

1240 

17 

.31 

.30 

1386 

1366 

T8 

.36 

.35 

2448 

2370 

19 

.04 

.04 

175 

173 

20 

.03 

.02 

202 

189 

21 

.11 

.TO 

1167 

1160 

22 

.36 

.32 

1954 

1771 

23 

.78 

.76  • 

906 

878 

24 

3.05 

2.07 

2838 

1925 

25 

.02 

.02' 

852 

811 

28 

.09- 

.09 

46 

44 

29 

2.52 

2.48 

16336 

15875 

;a.  Energy  sectors  excluded  to  emphasize  indirect  impacts 
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TABLE  8. 4. 4-2 

COMPARISON  OF  BTU  AND  LABOR  REQUIREMENTS 
WITH  AND  WITHOUT  CONSERVATION  ACTIONS 
DIRECT  CHANGES 
1985 


Sector® 

BTU's 

BTU's 

Labor 

Labor 

No  Conservation 
xlO'5 

Conservation  No  Conservation 

xlOlS  xl03 

Conservatic 

xl 

1 

1.70 

1.66 

6445 

6302 

2 

• .21 

.20 

151 

149 

5 

.41 

.38 

237 

224 

6 

2.18 

2.16 

6734 

6716 

7 

.07 

.06 

318 

318 

8 

1.38 

1.33 

2806 

2710 

9 

.62 

.60 

■ 4103 

4087 

10 

.41 

.40 

2050 

2026 

11 

2.16 

1.91 

3169 

2813 

12 

6.42 

5.86 

2208 

2014 

14 

.41 

.40 

1657 

1629 

15 

2.02 

1.80 

1039 

926 

16 

8.73 

7.84 

2666 

2393 

17 

.58 

.57 

2584 

2545 

18 

.77 

.76 

4104 

4080 

19 

.10 

.TO 

428 

427 

20 

.05 

.05 

391 

390 

21 

.23 

.22 

2443 

2437 

22 

.69 

.69 

3818 

3806 

23 

1.63 

.1.61 

1860 

1852 

24 

5.66 

5.09 

4803 

4746 

25 

.05 

.04 

1750 

1699 

28 

.14 

.13 

65 

64 

29 

4.63 

4.49 

29598 

28975 

a. 

Energy  sectors 

excluded  to  emphasize 

indirect  impacts 

TABLE  8. 4. 4-3 
ESTIMATES  OF  ENERGY 

DEMAND  FOR  1980  BY  SOURCE  FOR  HISTORICAL  GROWTH 
AND  REVISED  GROWTH  SCENARIOS 
CQuadrillion  BTU's) 


Coal 

Refined  Petroleum 

Natural  Gas 

Total 

listorical  growth 

24.6 

34.9 

39.9 

99.4 

;hase  estimates 

25.4 

30.2 

30.4 

86.0 
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to  54,000  jobs.  The  indirect  effects  would  center  on  communication 
equipment  manufacturing,  fabricated  metals,  chemicals  and  allied  products, 
transportation  manufacturing,  primary  metals petroleum  refining,  and  stone, 
clay,  and  glass  products.  The  indirect  effect  on  the  final  demand  for 
manufactured  trucks  and  automobiles  is  a decline  of  nearly  25  million 
dollars;  the  indirect  effect  on  wholesale  and  retail  trade  is  a 
decline  of  85  million.  These  effects  together  amount  to  a decline  of  over 
10%  of  the  initial  output  change.  These  indirect  negative  impacts  are  not 
offset  by  positive  impacts  accrued  by  increasing  output  in  the  communications 
sector. 

The  picture  becomes  more  "complicated  if  the  structure  of  retail  and 
Wholesale  trade  is  greatly  altered.  For  this  type  of  trade  off  to  make 
an  imprint  a change  in  final  demand  far  greater  than  1 billion  dollars  is 
required..  At  higher  levels  the  inputs  needed  by  an  expanding  communications 
industry  may  well  be  the  bottlenecks.  The  input-output  model  can  be  used 
to  simulate  alternative  magnitudes  of  trade  offs--which  would  yield  measure- 
ment of  the  indirect  requirements.  Growth  in  the  communications  sector 
has  a different  implication  than  does  gro.wth=  in  the  transportation  ■ 
sector.  These  changes  would  need  to  be  .examined  closely.  This  is  but  one 
example  which  suggests  that  conservation  can  be  achieved  by  altering  the 
sector  shares  of  GNPi  thus  altering  the  composition , not  the  size,  of  the  economic 
pie.  It  is  not  clear  that  effecting  a redistribution  permits  one  to  keep 
the  same  sized  pie.  The  communications/transportation  trade-off  suggests 
that,  primarily  because  of  indirect  effects,  the  pie  would  shrink,  i.e.  GNP 
vrauld  decline. 


8.5  SUMMARY 


The  conservation  actions  which  were  just  discussed  could  not  be  analyzed 
in  the  depth  that  the  ECASTAR  group  desired.  The  time  limitation  dictated 
that  only  a few  examples  could  be  displayed.  Even  for  these,  all  of  the  impacts, 
direct  and  indirect,  could  not  be  examined.  While  detailed  estimates  of  these 
impacts  would  be  useful,  it  is  perhaps  just  as  important  to  realize  that  there 
are  indirect  impacts  to  consider.  A complete  assessment  strategy  should  look 
for  indirect  impacts  and  include  them  in' the  assessment. 

The  input-output  structure  can  be  used  to  both  identify  impacts  and  to 
estimate  their  magnitude.  The  following  strategy  is  suggested  from  the 
examples  in  this  chapter: 

Given -a  vector  of  final  demands,  solve  the  I-O  model  for 
required  output  levels. 

Solving  for  output  requirements  allows  one  to  uncover 
potential  bottlenecks  in  supply.  For  example,  if  the 
solution  to  the  model  had  as  a requirement  that  water 
utilities  were  to  grow  by  over  100%  in  five  years,  the 
desirability  of  the  solution  would  be  tempered  by  the 
unlikely  output  requirement  from  water.  Other  final 


demand  vectors,  eacb.,refl acting  an  assumption(s)  about 
growth  in  the  economy,  could  be  imposed  on  the  mode!. 

The  sensitivity  of  the  required  output  levels  could  be 
studied  through  these  simulations. 

Pick  a set  of  possible  conservation  actions  which  can  fit  into 
the  structure  of  the  I-O  model. 

These  actions  which  change  the  direct  requirements'  matrix  should 
be  addressed  one  at  a time  so  that  their  partial  effectiveness 
can  be  determined.  Afterwards,  the  set  as  a whole  can  be  analyzed 
by  the  model . 

Some  actions  do  not  change  the  dollar  direct  requirements' 
matrix  but  will  change  the  BTU  direct  requirements'  matrix. 
Increasing  fuel  efficiencies  through  combustion  improvenents, 
for  example,  should  alter  only  the  BTU  direct  requirements' 
matrix  or  the  vector  of  BTU's  per  unit  of  output.  Other 
actions,  for  example,  building  automobiles  with  less  steel, 
change  all  the  direct  requirements'  matrices. 

If  any  requirements'  matrix  is  changed,  the  system  should  be 
resolved  for  total  output.  If  the  vector  of  total  outputs 
changes,  then  indirect  impacts  can  be  investigated  by  using  the 
changed  total  output  vector  to  solve  for  the  new  implied  level 
of  final  demand. 

The  sum  of  the  final  demand  vector  is. estimated  GNP.  This 
implied  level  should  be  compared  to  earlier  projections.  For 
each  iteration  total  required  energy  should  be  displayed  along 
with_total  implied  employment  and  GNP. 

The  model  can  be  used  to  study  the  effect  on  energy  demand  of 
sectors  having  different  growth  rates.  For  example,  given 
assumptions  about  population  and  GNP  growth,  what  is  the  ideal 
growth  rate  for  the  transportation  sector? 

The  idea  here  is  that  if  one  sector  is  growing  too  fast, 
or  in  spurts,  and  is  involved  in  large  indirect 
interdependencies  with  other  sectors,  fiscal  and/or 
monetary  policy  may  be  brought  in  to  mitigate  the  mag- 
nitude and  duration  of  the  potential  swings.  Growth  is 
linked  to  final  demand  and  energy  required  to  satisfy  that 
final  demand.  Refer  to  Appendix  E for  a discussion  of 
energy  cost  and  final  demand. 

The  model  can  be  used  to  identify  links  in  the  input  chain  where 
product  substitution  may  be  recommended.  The  substitution  of 
aluminum  for  steel  may  or  may  not  be  warranted.  The  energy 
direct  requirements'  matrix  should  be  carefully  screened.  In 
terms  of  BTU's  per  dollar  of  output,  lumber  is  six  times  less 
energy  intensive  (direct  requirements)  than  certain  plastics. 
Should  lumber  and  wood  products  be  substituted  for  plastics 
instead  of  the  historical  trend  of  plastic  substitution? 
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CHAPTER  9.  . NATIONAL  ENERGY  CONSERVATION 


This  chapter  analyzes  a set  of  energy,  conservation  actions  that 
cut  across  all  sectors  of  the  economy..  The  purpose  of  analyzing  such 
a set  of  actions  is  to  illustrate  the  methodology  of  the  Design  Group, 
i.e.,  that  all  actions  under  consideration  must  be  analyzed  systematically 
and  as  a whole.  In  this  manner,  total  impacts  can  be  assessed. 

The  actions  considered  were  as  follows:  (1)  roll  back  the  price 

of  newly  discovered  oil;  (2)  freeze  gasoline  production  for  3 years  at  1972 
levels;  (3)  mandate  automobile  mileage  improvements;  (4)  require  industry 
to  improve  energy  efficiency;  (5)  require  manufacture  of  household  appli- 
ances with  greater  efficiency;  (6)  force  conversion  of  many  power  plants 
from  gas  and  oil  to  coal,  the  results,  based  on  the  Input-Output  analysis 
technique,  showed  that  considerable  gas  and  oil  would  be  saved  by  forcing 
switches  to  coal.  However,  the  large  scale  switch  to  coal  was  shown  to 
require  greatly  increased  outputs  from  many  other  industries.  These  outputs 
(called  Indirect  requirements)  in  turn  required  more  energy.  It  was  esti- 
mated that -nearly  2.5  quads  of  additional  coal  were  needed  to  produce  these 
indirect  requirements. 

Also,  the  indirect  requirements  created  more  jobs.  If  the 
switch  to  coal  use  is  the  only  action  considered,  the  increase  in 
projected  employment  is  quite  large.  If  the  switch  to  coal  is  assessed 
in  conjunction  with  steps  (2)  - (5),  the  indirect  requirements  and 
consequently  increased  employment  are  significantly  less.  This  illustrates 
the  Group's  philosophy  that  the  impacts  of  energy  conservation  can  be 
unexpected  and  large.  Consequently,  all  actions  must  be  carefully 
analyzed  before  they  are  implemented. 


9.1  INTRODUCTION 

Many  believe  that  economic  growth  is  closely  associated  with 
rising  energy  inputs  from  fossil  fuels.  Considering  the  fact  that 
these  inputs  are  ultimately  limited  by  eventual  exhaustion  and,  perhaps 
more  importantly,  that  they  are  unequally  distributed  should  have  warn- 
ed us  as  a nation  to  proceed  cautiously  in  using  fossil  fuels  to  stim- 
ulate economic  growth.  Perhaps,  the  Arabs  did  us  a good  turn  without 
quite  intending  to.  The  fact  is,  they  forced  us  to  think  about  in- 
creasing fossil  fuel  consumption  and  the  attendant  rising  cost  of  energy 
now,  when  there  is  time  to  do  something  about  it.  -Without  this 
crisis  we  might  have  floated  happily  along  on  an  illusory  tide  of  cheap 
energy  until  it. was  too  late  to  do  anything  about  it. 
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The  plan  of  action  up  to  this  point  has  been  to  reduce  our  depen- 
dence on  foreign  oil  as  much  and  as  soon  as  possible.  However,  the 
strategies  for  accomplishing  these  goals  are  widely  divergent.  On 
the  one  hand,  the  oil  industry  and  the  President  are  favoring  decon- 
trolling the  price  of  oil.  In  fact,  the  oil  industry  suggests  that 
further  price  regulation  (as  opposed  to  decontrol  of  prices)  will  result 
in  a decline  in  exploration  and  development  due  to  problems  with  financ- 
ing. 


For  example,  William  Slick,  Jr.,  in  his  testimony  before  the  Senate 
Committee  on  Finance  on  July  16,  1975  stated  that  the  most  critical 
factor  in  the  area  of  developing  resources  is  "the  ability  of  the  domestic 
energy  producers  in  general  and  petroleum  companies  in  particular  to 
generate  adequate  capital  to  finance  the  very  large  development  costs." 
[Slick-75] 

On  the  other  hand,  many  people  feel  that  the  results  of  decontrol- 
ling the  price  of  domestic  old  oil  will  be  disastrous  for  the  country 
as  a whole.  Two  separate  analyses  showing  the  predicted  results  of 
allowing  the  decontrol  of  the  price  of  domestic  old  oil  as  comoared 
to  a case  assuming  existing  controls  (prior  to  August  31,  1975)  are 
presented  in  Table  9.1-1. 

The  differences  in  the  analyses,  according  to  the  supporters  of  the 
second  analysis  which  was  based  on  a Data  Resources  Inco^orated  model, 
are  largely  the  result  of  the  assumptions  made  in  Analysis  1: 

No  OPEC  price  increase  on  the  cost  of  imported  oil; 

Little  or  no  increase  in  the  price  of  coal  or  natural  gas  as 
a result  of  domestic  crude  oil  price  increases; 

Enactment  of  a windfall  profits  tax  — one  that  has  not 
been  spelled  out;  and 

Rebate  to  consumers  to  offset  adverse  effects  of  decontrol. 

The  capital  required  for  rebates  will  be  produced  by  windfall 
profits  tax. 

Many  proposals  for  controlling  oil  prices  have  been  voiced  in 
opposition  to  decontrol.  However,  any  serious  consideration  of  price 
control  must  be  accompanied  by  some  measures  to  counteract  the  obvious 
result  — decreasing  prices  would  naturally  lead  to  increased  demand. 

A list  of  the  types  of  actions  that  might  be  proposed  to  combat 
this  natural  increase  in  consumption  resulting  from  reduced  prices 
(Action  1)  follows: 

Action  1 

Establish  price  ceilings  of  between  $7.50  and  $8.50 
per  barrel  for  all  classifications  of  domestic  oil  pro- 
duction over  the  next  4 or  5 years.  In  the  fourth  year, 
ceilings  would  begin  to  increase  at  a rate  of  8 percent 
per  year. 
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TABLE  9.1-1.  ANALYSES  OF  DECONTROL  OF  DOMESTIC  OLD  OIL 


1975:4 

1975:2 

1976:4 

1977:2 

1977:4 

Consumer  Price  Index  % 

Analysis  1 +0.08 

Analysis  2 +0.18 

+0.18 

+0.46 

+0.35 

+0.90 

+0.57 

+1.47 

N.S. 

+2.06 

Wholesale  Price  Index  % 
Analysis  1 +0.03 

Analysis  2 +0.74 

+0.46 

+1.73 

+0.97 

+3.09 

+1.53 

+4.61 

N.S. 

+6.13 

Real  GNP  (billions  $ '58) 
Analysis  1 -0.2 

Analysis  2 -0.6 

-0.5 

-2.6 

-2.2 

-8.3 

-4.7 

-17.1 

N.S. 

-26.0 

Number  of  Unemployed  (thousands) 

Analysis  100 
Analysis  2 0+100 

0 

+200 

+100 

+500 

N.S 

+800 

Housing  Starts  (thousands  units) 
Analysis  1 -1  -1.5 

Analysis  2 -4  -51 

-53 

-177 

-89 

-273 

N.S 

-268 

Automobile  Sales  (thousands  units) 
Analysis  100 
Analysis  2 0-100 

-100 

-400 

-200 

-800 

N.S. 

-1000 

N.S.  — Not  submitted 
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Action  Z 

Restrict  gasoline  demand  to  1973-74  levels  for  the  next 
three  years. 

Action  3 

Impose  mandatory  fuel  efficiency  requirements  on  new 
automobiles  as  follows: 


Model  Year 

MPG 

1978 

18.5 

1979 

19.5 

1980 

20.5 

1985 

28.0 

Action  4 

Establish  energy  efficiency  improvement  targets  for  the 
2000  largest  industrial  consumers  as  follows: 

Date  Improvement  (compared  to  1972) 

Jan.  1,  1978  15% 

Jan.  1,  1981  20% 

Action  5 

Develop  regulatory  programs  to  make  appliances  and 
other  consumer  products  more  efficient,  through  mandatory 
testing,  labeling,  and  possibly  through  the  application  of 
energy  efficiency  performance  standards. 

Action  6 

Establish  programs  to  make  better  use  of  coal,  such- as: 

Guaranteed  loan  program  to  assist  small  coal  operators 

in  opening  new  underground  low  sulphur  mines; 

Encourage  switchover  from  petroleum  to  coal; 

Prohibit  use  of  petroleum  products  in  some  cases _ 

The  systems  approach  can  be  a valuable  tool  with  which  to  assess 
such  a list  of  actions  (Figure  9.1-1).  In  fact,  the  major  emphasis 
of  this  program  has  been  the  application  of  the  systems  approach  and 
technology -assessment  to  the  study  of  large  problems  — in  this  case 
conservation.  Because  of  the  interest  in  displaying  the  methodology 
for  studying  interactions  within  and  between  the  various  sectors  of  the 
economy,  this  set  of  actions  is  an  appropriate  example  with  which  to  work. 
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TABLE  9.1-2. 

ANALYSIS 

OF  PROPOSED 

SET  OF 

ACTIONS 

(Based  on 

DRI  Model) 

1975:4 

1976:2 

1976:4 

1977:2 

1977:4 

Consumer  Price 
Index  % 

-0.19 

-0.39 

-0.54 

-0.62 

-0.62 

Wholesale  Price 
Index  % 

-0.77 

-1.47 

-1 .65 

-1.65 

-1.58 

Real  GNP 

{billions  $ '58) 

+0.6 

+2.2 

+5.0 

+7.9 

+8.9 

Number  of  Unemployed 
(thousands) 

0 

-100 

-100 

-200 

-300 

Housing  Starts 

(thousands  units) 

+8 

+41 

+78 

+83 

+28 

Auto  Sales 

(thousands  units) 

0 

+100 

+200 

+300 

+300 

9.2  DISCUSSION  OF  ACTIONS 


This  section  will  discuss  each  action  in  the  list  individually 
with  respect  to  requirements  for  implementation,  obstacles  to  implementa- 
tion, and  possible  benefits.  Section  9.3  will  consider  the  set  of 
actions  taken  together. 


9.2.1  OIL  PRICING  PROPOSAL  — ACTION  1 

This  action  is  to  immediately  lower  the  price  of  current  uncontrol- 
led domestic  "new"  oil  from  $11.28  to  an  average  of  $7.50  per  barrel,  and 
over  a period  of  time  raise  the  price  of  controlled  domestic  “old" 
oil  from  $5.25  to  $7.50  a barrel.  Certain  high  recovery  cost  oils 
would  be  priced  at  an  average  $8.50  a barrel.  In  addition,  an  inflation 
and  adjustment  factor  is  included  (see  Figure  I. 1-1).  Essential  to 
the  proposal  is  the  satisfaction  of  two  criteria: 

To  increase  domestic  production 

To  reduce  the  price  of  energy  to  the  consumer 


9.2.1. 1 PRESENT  AND  PROJECTED  PRODUCTION 

In  July  1975  domestic  production  was  approximately  66%  or  5.6  million 
barrels  a day  "old"  oil  and  33%  or  2.8  million  barrels  a day  "new"  oil. 
Interpolating  F.E.A.  projections  to  1985  [PI-74-2]  shows  production 
based  on  $7.50  a barrel  increasing  to  12.3  million  barrels  a day  (under 
assumptions  of_policy  in  effect  prior  to  1973  except  for  price  controls). 
At  $8.50  a barrel  the  production  will  be -13.1  million  barrels  a day  by 
1985  (see  Table  I. 1-1).  Forecasts  by  the  National  Petroleum  Council  and 
ten  others  range  from  9.2  million  to  15.5  million  barrels  a day  by 
1985  (see  Table  1.1-2).  As  much  as  42%  of  the  production  could  be 
from  high  production  cost  areas. 


9. 2. 1.2  JUSTIFICATION 

Lowering  the  price  of  oil  is  not  an  energy  conservation  action.  It 
does  not  encourage  or  require  conservation,  nor  does  it  encourage  or 
require  substitution  of  less  scarce  fuels.  It  must  be  accompanied  by 
counter-active  measures,  i.e.,  forcing  use  of  coal,  restricting  gasoline 
consumptions  to  avoid  excessive  use  of  oil  because  of  lower  prices. 

The  intent  of  Tower  prices  is  to  encourage  cash  flow,  employment  and 
investment  opportunities  as  reflected  in  the  consumer  price  index, 
the  wholesale  price  index  and  gross  national  product.  It  must  be 
remembered  that  the  combined  domestic  oil  price  today  is  only  $7.70  a 
barrel  and  that  for  a short  time  the  cost  of  energy  will  be  reduced. 

The  immediate  decrease  of  about  4 cents  a gallon  in  the  combined  price 
of  domestic  oil  will  be  erased  in  6 years  because  of  the  planned  increase 
in  oil  price.  Oil  producers  will  have  a basis  for  planning  in  the  pre- 
determined rate  of  price  adjustment.  If  oil  imports  do  not  increase. 


FIGURE  9.M.  INITIAL  SYSTEMS  DIAGRAM  DISPLAYING  THE  RELATIONSHIP  OF  THE  ACTIONS 


The  analysis  presented  in  this  chapter  is  an  attempt  to  show  interested 
persons  how  the  systems  approach  should  be  applied  to  such  a set  of 
actions  before  it  is  introduced.  In  other  words,  before  suggesting  that 
such  a set  of  actions  be  passed  into  law,  an  attempt  should  be  made  to 
identify  and  assess  as  many  of  the  requirements  of,  alternatives  to,  and 
impacts  of  these  actions  as  possible.  The  systems  approach  is  a tool 
for  accomplishing  such  an  assessment. 

The  procedure  for  applying  the  systems  analysis  technique  has  been 
discussed  in  Sections  3.1  and  3.2.  However,  we  might  point  out  some  of 
the  steps  in  the  procedure.  One  of  the  first  duties  of  the  group  is  to 
establish  a set  of  constraints  and  criteria  which  the  objective  must 
satisfy. 

The  set  of  actions  listed  above  are  some  of  the  requirements  that 
could  be  envisioned  as  necessary  to  satisfy  the  objective,  which  is  to 
provide  a conservation  program  consistent  with  oil  price  control  that 
will  satisfy  a list  of  constraints  and  criteria  that  must  be  identified-. 

A partial  listing  of  constraints  and  criteria  applicable  to  this  objective 
and  its  requirements  might  include: 

Restoration  of  a healthy  economy  with  full  employment,  reduced 
inflation  and  increased  output  and  productivity  in  a short  period 
of  time; 

Prevention  of  steep  increases  in  the  price  of  all  energy  and 
the  pervasive  economic  adversities  which  such  Increases  surely 
would  entail; 

Management  of  energy  supply  in  the  near  term  so  as  to  reduce 
import  dependence  steadily  and  surely,  consistent  with  rapid 
economic  recovery,  while  providing  standby  protections  against 
sudden  supply  curtailments; 

Improvement  of  our  balance  of  payments  and  achievement  of 
national  energy  sufficiency  in  a timely  and  reliable  way. 

At  this  point  each  of  the  actions  needs  to  be  examined  in  detail  — 
establishing  the  requirements  and  impacts  of  each.  Then,  the  group  of 
actions  should  be  assessed  "in  toto"  since  many  of  the  impacts  may  not 
be  obvious  if  the  action  is  assessed  in  isolation. 

Table  9.1-2  shows  an  analysis  of  this  set  of  actions  versus  the 
current  controls  (prior  to  August  31,  1975)  provided  by  Data  Resources 
Incorporated.  This  data  can  be  compared  with  that  resulting  from  de- 
control as  presented  in  Table  9.1-1. 

The  fact  that  the  data  presented  by  the  DRI  analysis  of  this  set  of 
actions  is  favorable  Is  encouraging.  However,  the  group  felt  the  additional 
study,  perferably  in  the  form  of  a systems  approach,  is  needed  in  order 
to  identify  and  assess  the  , impact  of  these  actions.  A description  and 
preliminary  assessment  of  each  of  the  actions  is  provided  in  Section  9.2. 


9-9 


this  country's  export  goods  may  enjoy  a price  advantage  for  some  time 
in  the  world  market.  This  would  be  an  advantage  also  in  the  balance  of 
payments. 


9. 2. 1.3  REQUIREMENTS 

By  1985,  the  price  of  domestic  oil  will  be  in  the  neighborhood  of 
$11  a barrel  if  40%  of  production  is  high  recovery  cost  oil,  according 
to  the  action.  In  order  to  achieve  projections  of  production  by  1985  at 
$11  a barrel,  FEA  projects  a requirement  of  $6390  million.  In  addition, 
there  will  be  needed  131,696  rigmen,  5453  seismic  crews,  3831  rigs,  656 
platforms  and  4,003,200  tons  of  steel  (see  Tables  1.1-3  through  1.1-6). 

In  addition  to  the  direct  requirements  for  oil  production,  other  areas 
affected  are  power  requirements,  refinery  capacities,  distribution 
systems,  land  and  water  use,  manufacturing  facilities,  ecological 
balances,  and  lifestyles.  [MEGASTAR- 74]  Besides  the  necessary  money, 
manpower  and  materials  to  provide  the  production,  implementation  is 
dependent  on  how  oil  price  changes  affect  price  and  demand  for  other 
fuels  such  as  coal.  It  is  also  dependent  on  whether  the  price  encourages 
exploration  and  production.  The  public  must  be  convinced  of  the  economic 
value  of  the  action  and  be  shown  it  is  the  best  of  the  alternative  actions. 


9.2.2  RESTRICTION  OF  GASOLINE  USE  --  ACTION  2 

During  the  period  of  the  embargo  in  1973  which  was  imposed  on  us 
by  the  OPEC  countries,  there  was  a short  supply  of  most  petroleum  pro- 
ducts. As  a consequence.  Congress  passed  the  Emergency  Petroleum 
Allocation  Act  in  an  attempt  to  ensure  that  all  regions  of  the  country 
were  dealt  with  in  an  equitable  manner  by  the  oil  industry.  Allocation 
agencies,  or  state  energy  boards  had  authority  to  Implement  these 
regulations.  The  EPAA  expiration  date  is  August  31,  1975,  so  these 
agencies  are  still  in  existence  even  though  the  embargo  has  been  lifted, 
and  there  are  presently  adequate  supplies  of  fuel. 

Because  fuels  are  readily  available,  gasoline  consumption  is  again 
increasing.  This  consumption  would  be  heightened  further  if  oil  is 
regulated  at  lower  prices,  as  Section  9.2.1.  suggests.  To  prevent 
higher  rates  of  gasoline  consumption,  it  is  desirable  to  consider  an 
action  that  would  keep  gasoline  consumption  at  a fixed  level  equal  to 
that  of  1974.  To  achieve  this  means  that  the  allocation  policies 
would  have  to  be  retained,  i.e.  the  EPAA  would  have  to  be  continued. 

An  auxiliary  action  that  has  a bearing  on  this  is  the  possibility 
that  regulations  may  be  passed  aimed  at  increased  fuel  economy  for  afito- 
mobiles.  This  possibility  will  be  discussed  in  Section  9.2.3.  Large 
fuel  savings  can  be  achieved  by  increasing  fuel  efficiency,  but  the 
automobile  manufacturers  must  have  lead  times  to  realize  improvements. 
Since  it  is  believed  that  quite  significant  economies  can  be  achieved 
by  1978,  it  seems' reasonable  to  continue  allocation  through  that  year. 
Further,  allocation  enforcement  for  three  years  may  lead  increasingly 
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to  public  resentment.  For  these  reasons,  it  is  proposed  that  the  al- 
location period  should  begin  January  1,  1976,  and  run  through  December 
31,  1978.  Since  the  President  of  the  United  States  must  execute  the 
program,  it  is  intended  that  he  should  be  given  extraordinary  powers 
to  carry  out  this  action.  If  it  is  found  that  a fixed  level  of  gasoline 
consumption  can  be  easily  met,  it  would  be  desirable  to  give  the  President 
power  to  achieve  further  reductions  in  end  use  if  possible.  It  is 
proposed  that  he  would  be  allowed  to  achieve  another  reduction  in 
gasoline  usage  if  feasible  under  recogni2ed  socio-economic  constraints. 

In  the  following  discussion,  the  probable  effects  of  this  action  will 
be  studied. 


9.2.2. 1  BACKGROUND 

The  historical  growth- trend  for  gasoline  consumption  over  the 
past  five  years  has  averaged  approximately  4%  per  year,  and  present 
consumption  of  gasoline  by  automobiles  is  about  4.5  millton  barrels 
per  day.  This  represents  about  9 quadrillion  BTU's  per  year.  It  is 
useful  to  note  that  over  40  percent  of  automobile  use  is  related 
to  employment;  33  percent  is  used  for  social  and  recreational  travel, 
and  the  rest  occurs  as  a result  of  personal  business. 


9. 2. 2. 2 DIRECT  RESULTS  OF  ACTION  2 

Historical  growth  would  produce  a consumption  of  10.5  quadrillion 
BTU's  by  the  motoring  public  in  1978,  an  increase  of  about 
750,000  bbl  of  gasoline  per  day.  Using  1974  as  a base  year,  and  as- 
suming this  pction  to  be  in  effect  by  January  1,  1976,  the  reduction 
from  historical  growth  over  the  next  three  years  would  be  -0.73,-1,12, 
-1.5  quads  of  BTU's,  Since  the  President  would  be  authorized  to  achieve 
up  to  a 4 percent  reduction  in  comparison  to  the  base  year,  a real 
reduction  of  0.35  quads  might  occur. 

The  allocation  program  requirements  would  be  minimal;  yet,  in  1978 
alone  would  reduce  projected  foreign  expenditure  by  four  billion  dollars 
per  year.  It  is  estimated  that  the  allocation  program  would  require 
manpower  of  only  500-1000  persons,  at  a direct  cost  per  year  of  5 to 
10  million  dollars,  and  the  material  requirements  are  minimal.  Also, 
it  appears  that  implementation  of  this  action  would  be  relatively  easy. 
Most  states  already  have  energy  boards  and/or  existing  institutional 
structures  for  implementing  the  1973  Emergency  Petroleum  Allocation 
Act.  At  this  time,  these  structures  are  being  paid  for  with  federal 
and  state  monies. 


9. 2.2. 3  POSSIBLE  IMPACTS 

Consider  the  impact  of  this  action  of  the  public.  With  restricted 
gasoline  supplies,  service  station  managers  will,  in  all  likelihood. 
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area.  However,  there  are  potentially  some  serious  consequences  in  the 
socio-economic  area-  In  comparison  with  all  eighteen  near-term  actions 
presented  in  Chapter  6.0,  it  ranks  near  the  middle.  Its  ranking  barely 
pi  aces  it  in  the  group  which  was  suggested  as  those  warranting  further 
investigation  and  possible  implementation. 


9.2.3  MANDATORY  AUTOMOBILE  EFFICIENCY  — ACTION  3 


This  proposal  is  to  set  minimum  average  miles  per  gallon  requirements 
of  the  yearly  production  of  auto  manufacturers  as  follows: 


MODEL  YEAR  MPG 

1978  18.5 

1979  19.5 

1980  20.5 

1985  28.0 


Some  possible  impacts  of  this  proposal  are  discussed' in  the  remainder 
of  this  section. 

Auto  Manufacturers 

Auto  gas  mileage  averaged  14.0  mpg  in  1974  [PMV-74,31].  Improvements 
in  the  gas  mileage  potential  of  an  automobile  can  be  bought  about  in 
several  ways: 

Transmission  and  drive  train  improvements. 

Aerodynamic  drag  reduction. 

Rolling  resistance  reduction. 

Weight  reduction. 

Elimination  or  improvement  of  accessories. 

Engine  size  reduction. 

Engine  improvements. 


th«  manufacturers  can  attempt  to  meet  the  requirement  by  altering 

the  production  mix  and/or  considering  the  items  in  the  above  list. 


According  to  [PMV-74,72],  there  Is  no  evidence  to  suggest  that  Improve- 
ments in  fuel  economy  (to  the  extent  discussed  in  that  reference)  of 
automobiles  would  have  an  effect  on  employment  in  the  auto  industry. 
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have  to  curtail  their  working  hours.  In  an  atteropt  to  address  tfvls 
problem,  gasoline  retailers  would  be  permitted  to  develop  and  carry 
out  voluntary  agreements  to  minimize  motorist’ Inconvenience.  Closing 
of  service  stations  on  Sunday  is  to  be  avoided-.  However,  in  spite 
of  this,  it  is  likely  that  motorists  in  some  areas  will  be  again  faced 
with  lines  and  unavailable  supplies  at  certain  times. 

If  the  public  continues  to  average  1.4  passengers  per  vehicle 
in  the  urban  area,  and  2.4  passengers  in  the  rural  area,  then  by  1978, 
the  number  of  passenger-miles  per  capita  will  be  reduced  by  approximately 
4.5%.  If  the  President  exercised  his  authority  to  reduce  gasoline 
supply  by  another  4.0%,  then  the  passenger-miles/ capita  will  be  reduced 
by  8.5%. 

The  easiest  thing  for  the  public  to  do,  and  yet  retain  historical 
growth  in  total  passenger-miles,  would  be  to  save  energy  in  the  urban 
sector  of  their  driving.  Assuming  no  change  in  intercity  driving, 
thus  maintaining  their  ability  to  vacation,  etc.,  carpools  could  be 
formed  to  conserve  fuel  in  the  cities.  It  is  estimated  that  an  in- 
crease of  16%  in  numbers  of  passengers  per  vehicle  would  be  required. 

If  the  President  imposed  an  additional  4%  cut  in  supply,  this  figure 
would  change  to  25%.  For  example,  30  to  40  percent  of  all  urban  vehicle 
miles  would  have  to  carry  three  persons  to  achieve  these  averages.  This 
proposed  life  style  change  would  produce  minimal  economic  change,  since 
those  businesses  catering  to  the  recreational  and  entertainment  demands 
would  not  be  affected  very  much.  However,  this  shift  may  be  difficult  to 
achieve. 

t 

Negative  impacts  are  likely  in  the  private  sector,  particularly 
affecting  service  stations,  other  service  industries  requiring  trans- 
portation, businesses  in  the  entertainment  area,  auto  manufacturers, 
and  the  oil  companies.  Service  stations  are  affected  directly.  Re- 
duction’ of  sales  back  to  1974  levels  will  reduce  gross  incomes  unless 
prices  increase.  Since  70%-100%  of  their  profits  accrue  from  gasoline 
sales,  reduced  gross  income  may  result  in  some  unemployment.  As  there 
is  no  proposed  restriction  concerning  gasoline  retail  prices,  service 
stations  will  probably  increase  price.  This  will  directly  discriminate 
against  lower  income  families.  This  is  the  case  since  these  families 
are  forced  to  spend  a larger  percent  of  their  disposable  income  for 
transportation. 

Generally,  there  will  be  a trend  for  families  to  purchase  vehicles 
that  achieve  increased  fuel  economy.  Those  American  auto  manufacturers 
that  do  not  have  vehicles  available  with  good  fuel  economy  will  probably 
stand  to  lose  the  most  by  this  action^  However,  there  are  quite  a number 
of  foreign  autos  that  do  produce  higher  fuel  economies;  consequently, 
there  may  be  an  increasing  trend  for  people  to  purchase  these  vehicles. 
This  course  would  not  help  the  overall  U.S.  balance  of  payments  problem. 

Finally,  this  specific  conservation  action  was  assessed  using  the  • 
methods  discussed  in  Chapter  6.  , In  comparison  to  other  near  term  energy 
conservation  actions,  this  action  received  a favorable  rating.  It 
directly  helps  to  stabilize,  if  not  improve,  environmental  quality, 
and  it  appears  not  to  have  serious  consequences  in  the  institutional 
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The  same  source  estimates  that  investment  costs  would  total  $1.0  bil- 
lion by  1980  under  Scenario  B (see  Table  1.1-7),  less  for  Scenarios  A 
and  C,  and  more  for  Scenario  D.  Since ‘the  proposal  under  consideration 
requires  a greater  increase  in  fuel  economy  than  these  scenarios,  it  seems 
logical  to  conclude  that  the  required  investment  would  be  more.  The  auto 
manufacturers'  competitive  position  in  the  world  might  be  improved' due  to 
better  gasoline  economy. 

[PI-74-11,75]  projects  average  fuel  efficiency  for  automobiles  as 
18.2  mpg  in  1985  and  16.3  mpg-  in  1980,  with  oil  at  $7/bbl , if  there 
is  only  a mild  incentive  for  auto  manufacturers  to  improve  economy  and 
assuming  65  percent  urban  and  35  percent  inter-city  driving.  Thus,  the 
proposed  18.5  mpg  in  1978  and  28.0  mpg  in  1985  will  not  merely  happen  but 
will  require  significant  effort  on  the  part  of  the  auto  manufacturer. 

Figure  1.1-2  from  [PMV-74,  35]  implies  that  the  production  mix  will  consist 
of  a large  percentage  of  small  cars. 


Economic  Impact  on  Consumers 

There  will  t)e  an  attendant  increase  in  first  cost  of  an  automobile  in 
all  three  class  sizes.  The  fuel  and  maintenance  savings  should  more  than 
offset  this  increase,  however.  For  the  cases  examined  in  [PMV-74,  64-67], 
the  improvements  and  costs  are  as  shown  in  Table  1.1-8  and  1.1-9.  From 
this  information,  an  idea  can  be  gotten  on  the  effect  of  a 28  mpg  average 
by  1985.  An  extensive  analysis  v/ould  be  required  to  obtain  more  accurate 
numbers.  With  current  gas  mileage  averaging  about  14  mpg,  it  can  be  seen 
that  a doubling  of  this  figure  to  28  mpg  would  permit  the  consumer  to 
drive  as  much  as  ever  without  increasing  his  gasoline  expenditures,  even 
if  the  price  of  gasoline  goes  to  as  high  as  $1.00  per  gallon. 


Safety 

One  means  the  auto  manufacturers  vrill  use  to  increase  gas  mileage 
is  to  manufacture  smaller  cars.  Historically,  small  cars  have  been  more 
dangerous  than  large  ones  in  that  occupants  have  been  more  likely  to  be 
killed  or  receive  serious  injury  in  accidents.  Of  course,  if  the  per- 
centage of  small  cars  increases,  then  accidents  between  two  cars  would  be 
more  likely  to  involve  two  small  cars  rather  than  one  small  car  and  one 
large  car,  possibly  reducing  the  danger  of  small  cars.  Further  work  needs 
to  be  done  in  this  area  to  assess  the  impact  of  a larger  percentage  of 
small  cars. 


The  Economy 

The  initial  price  of  cars  would  likely  increase. as  a result  of  the  gas 
mileage  requirements  specified  in  Action  3 because  of  technological 
improvements  made  necessary,  and  possibly  because  of  the  use  of  lighter 
and  more  expensive  materials. 


It  is  estimated  in  [PMV**74,-71]  that  little  effect  on  the  consumer 
price  index  would  occur  as  a result  of  an  increase  of  5-10%  in  the  initial 
real  price  of  new  cars.  This  same  reference  estimates  that  $400  (1974 
dollars)  would  be  added  to  the  selling  price  of  new  cars  by  1980  for  a 40% 
economy  improvement  (19.6  mpg)  and  $200  for  a 30%  economy  improvement 
(18.2  mpg). 

The  balance  of  trade  situation  would  be  improved  due  to  reduction  in 
U.  S.  oil  imports.  Table  Ul-lO  gives  estimates  of  the  effect  of  the 
scenarios  examined  in  that  reference  on  oil  imports.  Savings  should  be 
more  for  Action  3. 


9.2.4  INDUSTRIAL  EFFICIENCY  IMPROVEMENT  --  ACTION  4 

Approximately  40%  of  all  energy  consumed  in  the  United  States  is  used 
by  industry.  Of  this  amount,  approximately  70%  (9  x 10^  barrel s/day)  is 
consumed  In  manufacturing,  and  over  80%  of  the  latter  amount  is  used  by  the 
2,000  largest  energy  consuming  manufacturers. 

Studies  by  the  FEA  have  indicated  (a)  that  very  substantial  savings 
of  energy  consumption  per  unit  of  product  can  be  achieved  by  most  industrial 
firms  and  (b)  that  over  27%  improvement  in  energy  efficiency  per  unit  of 
output  could  be  achieved  by  1990  in  six  energy-intensive  primary  goods 
industries.  The  six  most  energy  intensive  industries  are  discussed 
in  Appendix  E. 

Action  4 of  the  list  of  proposed  actions  assumes  that  these  industries 
could  accomplish  a voluntary  20%  reduction  in  energy  consumption  by  1985. 
The  program  would  be  voluntary  since  many  people  [PRE-74]  feel  that  rising 
fuel  cost  will  be  sufficient  incentive  for  industry  to  reduce  consumption. 

In  fact, many  companies  have  already  indicated  that  such  percentages  are 
fully  within  their  capability.  This  may  be  an  understatement  of  their 
potential  in  view  of  the  fact  that  several  industries  have  already  reduced 
their  energy  consumption  by  more  than  7.5%  by  simply  implementing  non- 
capital intensive  good  housekeeping  measures.  The  FEA  estimates  that 
approximately  2 x 10^  barrels  of  oil  equivalents /day  (4.2  quad/year)  can 
be  saved  if  the  2000  largest  energy  consuming  manufacturers  improve  their 
energy  efficiency  by  20%  by  1981, 

Although  this  reduction  in  consumption  is  believed  to  be  well  within 
the  capability  of  most  manufacturers,  it  is  the  general  consensus  that 
such  savings  can  be  attained  only  if  the  top  management  officials 
of  each  firm  work  diligently  to  achieve  the  objective  of  improving  each 
firm's  energy  efficiency. 

Since  most  of  the  non-capital  intensive,  good  housekeeping  type  con- 
servation measures  have  already  been  Implemented  in  attaining  the  approxi- 
mately 7.5%  savings  discussed  above,  the  remaining  reduction  in  consumption 
would  require  a capital  commitment  of  varying  degrees. 

Since  capital  expenditures  required  for  conservation  actions  will  have 
to  compete  with  other  industrial  programs  requiring  large  capital  invest- 
ments, the  potential  for  reduction  in  consumption  may  not  be  realized.  For 
example,  mandated  environmental  improvement  program  will  require  sizeable 
capital  investments  which  will  not  be  available  for  other  projects. 


g-15 


Some  of  the  conservation  actions  discussed  in  Section  E.5  require 
large  capital  investments  while  others  may  have  smaller  potential  savings 
but  require  less  capital  expenditure.  For  example,  the  capital  estimated 
by  Shell  to  save  about  6%  of  their  total  consumption  or  approximately 
6.3  X 10^2  BfUs  would  be  about  $10  million  (Section  E.5. 4. 2).  Since 
Shell  comprises  only  about  8%  of  the  total  U.  S.  refining  capacity,  some- 
where in  the  neighborhood  of  $100-$! 50  million  would  be  required  for 
implementing  these  types  of  conservation  measures  in  the  refining  indus- 
try alone,  and  the  savings  v/ould  amount  to  around  0.08  quads  (see  E.5. 4. 2). 
However,  the  payback  period  for  these  measures  is  estimated  to  be  less 
than  2 years  ( this  is  a constraint  apparently  imposed  upon  any  conser- 
vation action  by  most  industries). 

In  fact,  many  studies  of  furnace  insulation,  combustion  control, 
burner  positioning,  and  similar  capital  improvements  in  heat-treating 
furnaces  have  been  conducted.  Industrial  experts  estimated  in  1974 
that  applying  insulation  to  all  the  uninsulated  skid  rail  systems  in 
the  U.  S.  would  result  in  a total  fuel  savings  of  approximately  3 x 10^ 
barrels  of  oil  per  day  (.,0.08  quads/year).  The  economic  justification 
for  furnace  rail  insulation  (Table  9.2,4-!,)  revealed  that  an- expend! ture 
of  approximately  $100,000  an  installation  could  save  approximately 
$234,000  worth  of  natural  gas  per  year  [SCI-74,  265]. 

As  discussed  in  Section  E.5. 3, a large  part  of  the  heat  of  combustion 
of  the  fuel  used  in  high  temperature  industrial  furnaces  is  lost  in  the 
exhaust.  In  fact,  in  many  furnaces,  50%  or  more  of  the  energy  used  goes 
up  the  chimney.  Approximately  11%  of  the  total  fuel- consumption  in  the 
U.  S.  is  used  for  direct  heating  operations  in  industry  and  it  appears 
possible  that  as  much  as  30%  of  the  fuel  in  certain  direct  heating  opera- 
tions can  be  saved-through  the  use  of  devices  similar  to  the  one  depicted 
in  Figure  9. 2. 4-1  , 

According  to  the  April  1974  issue  of  Science,  "As  for  the  use  of 
such  devices  on  radiant  tubes  alone,  there  are  approximately  900,000 
radiant  tubes  in  heat-treating  furnaces  in  U.  S. -plants,  and  very  few  of 
them  are  equipped  with  heat  recuperators . Heat  recuperators  are  being 
introduced  to  the  market  now  for  this  purpose.  Industrial  estimates 
indicate  that  each  recuperator  can  save  fuel  equivalent  of  1/2  barrel 
of  oil  per  day.  Recuperators  cost  $1,000  to  $1,500  per  unit.  The  total 
potential  (equivalent)  fuel  saving  for  all  the  radiant  tubes  in  opera- 
tion today  is  of  the  order  of  450,000  barrels  of  oil  per  day.  Further- 
more, a device  costing  $1,000  to  $1,500,  which  will  eliminate  the  need 
for  1/2  barrel  of  oil  per  day  (equivalent)  is  economically  rather  attrac- 
tive now."  [SOI-74,  266] 


TABLE  9. 2. 4-1 


ECONOMIC  JUSTIFICATION 
FOR 

FURNACE  RAIL  INSULATION  [SCI-74,  266] 


Item 

Annual 

amount 

(dollars) 

Capital  cost 

Operating  cost 

analysis 

100,000 

Maintenance,  5 percent  of  capital  cost 
Taxes  and  insurance,  2 percent  of  capital  cost 
Interest,  4.5  percent  of  capital  cost 

5.000 

2.000 
4,500 

Depreciation  in  1 year 

100,000 

Total  annual  operating  cost 

111,500 

Economic 

Annual  fuel  cost  reduction* 
Annual  cost 

benefit  of  fuel 

use  reduction 

243,734 

111,500 

Annual  benefit 

132,234 

* Calculated  on  the  basis  of  40.3  thousand  cubic  feet  per  hour, for  8400  hours 
per  i'ear,  at  $0.72  per  thousand  cubic,  feet. 

This  table  shows  the  costs  and  benefits  of  insulating  water-cooled  skids  in 
a reheat  furnace.  The  furnace  capacity  is  160  tons  per  day;  insulation 
reduces  heat  input  by  40.3  million  BTU  per  hour.  Fuel,  at  $0.72  per  thousand 
cubic  feet,  is  reduced  by  40.3  thousand  cubic  feet  per  hour. 


FIGURE  9. 2. 4-1 , A heat  recuperator  suitable 
for  recapturing  stack  gas  heat  from  a 
radiant  fired  tube  and  using  it  to  preheat 
combustion  air.  rSCI-74,266] 
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Wider  application  of  combustion  control  systems  appears  to  be  an 
economically  attractive  answer  for  Increasing  combustion  efficiency  as 
discussed  in  Section  E.5.1.  Estimates  from  5-10  up  to  30%  reduction 
in  fuel  consumption  have  been  recorded.  [SCI-74,  267]  Thus, the  use  of 
computer  controls  in  the  operation  of  large  thermal  processing  plants 
appear  to  be  an  extremely  attractive  way  to  save  fuel  and  reduce  costs. 

For  example,  the  use  of  on-line  computer  controls  to  execute  a carefully 
devised  program  of  operation  for  steel  reheating  in  one  European  steel 
plant  resulted  in  a 25%  reduction  in  fuel  consumption  per  ton  of  pro- 
duction, and  was  accompanied  by  a 12%  increase  in  the  plant's  rate  of 
production. 

In  the  area  of  longer  range  possibilities  the  development  of 
improved  plant  equipment  is  under  investigation.  An  example  of  such 
equipment  is  the  heat  pipe  vacuum  furnaces.  [SCI-74, 268] 

Another  method  for  improving  industrial  fuel  efficiency,  is  combining 
the  generation  of  electricity  and  process -steam  production  and  is  dis- 
cussed in  some  detail  in  Section  E.5;2.  One  of  the  first  questions  to 
be  ansv/ered  is,  "Is  it  actually  technically  feasible  or  economically 
attractive  to  build  thermally  integrated  steam  raising  power  generation 
plants?"  The  idea  is  neither  new  nor  economically  uncertain.  In  fact, 
during  the  1920's  and  early  1930's,  several  major  paper  companies  proved 
that  cogeneration  is  a very  profitable  way  to  generate  electricity. 

The  program  was  so  successful,  in  fact,  that  during  the  1930's  the 
Department  of  Justice  took  an  interest  in  the  matter.  In  a series  of 
court  suits  the  paper  companies  were  required  to  decide  vMhether  they 
were  in  the  paper  business  or  the  electric  power  business,  and  most 
opted  for  the  paper  business,  leaving  power  generation  behind 
ISCI-74,  268]. 


Thus,  the  technical  feasibility  and  economic  attractiveness  of 
thermally  integrated  steam  raising  and  power  generation  has  long 
been  established.  However,  the  problems  in  implementing  the  measure 
are  many.  For  example,  not  only  industries,  but  also  the  utilities 
would  have  to  be  convinced  of  the  value  of  such  an  action.  The 
number  of  industries  capable  of  undertaking  such  a venture  would  have 
to  be  determined  because  industries  that  are  large  enough  to  tackle 
the  problem  economically  may  be  limited  in  number  and  those  capable 
of  such  an  undertaking  may  be  reluctant  to  do  so  due  to  fuel  supply 
problems  and  the  management  and  operation  necessary  in  this  new  area 
are  largely  unfamiliar  to  them.  Will  there  be  sufficient  manpower  available? 
At  the  same,  time  utilities  will  probably  be  reluctant  to  accept  the  idea 
of  purchasing  electricity  from  an  industry  to  sell  to  their  customers. 
Although  this  intermediary  role  for  utilities  appears  to  be  logical,  there 
would  probably  be  considerable  opposition.  .The  essential  problems  in  trying 
to  adopt  such  a measure  involves  finding  v;ays  to  do  so  without  abridging 
other  requirements  of  society,  such  as  preserving  open  competition  of 
industry. 


9-18 


Much  the  same  can  be  said  for  another  alternative  measure  that  would 
again  be  aimed  at  increasing  the  efficiency  in  power  generation:  the 

location  of  industry  around  a power  plant  in  order  to  utilize  the  waste 
steam  produced.  Obviously,  this  is  an  old  idea  but  one  that  has  not  been 
encouraged  in  the  past,  !n  the  future,  perhaps  the  government  might  provide  a 
clearing  house  for  information  concerning  the  industrial  operations.  Some 
coordination  of  these  planned  expansions  might  be  fruitful  in  these  areas. 

Once  again,  siting  industry  (and  the  accompanying  employees)'  near  a 
generating  plant  has  obvious  obstacles  that  must  be  considered  and  dealt 
with  prior  to  the  implementation  of  such  a plan.  For  example,  one  of  the 
requirements  for  siting  a nuclear  power  plant  in  the  past  has  been  to 
locate  the  plant  in  an  area  of  low  population  density.  This  type  of 
planning  for  the  utilization  of  waste' heat  would  have  to  include  an 
evaluation  of  the  possibility  that  the  population  density  around  the  plant 
would  be  great, ^ Along  this  line,  the  use  of  waste  steam  in  such  homes 
might  be  investigated  as  a possiljle  positive  side  effect. 


As  can  be  seen  from  this  discussion,  some  of  the  actions  that  have 
been  proposed  for  industry  are  far  reaching  in  their  impacts.  These 
impacts  must  be  evaluated  and  dealt  with  before  the  action  is  imple- 
mented. 

The  availability  of  materials  and  equipment  for  various  conserva- 
tion actions  may  be  an  area  of  concern.  For  example,  suppose  all  indus- 
tries installed  air  preheaters.  Is  there  sufficient  manufacturing  capa- 
bility to  furnish  these  air  preheaters  without  taxing  the  industry  or 
causing  them  to  overbuild  to  supply  this  item?  On  the  other  hand, 
suppose  the  air  preheater  manufacturers  could  not  supply  the  necessary 
air  preheaters  as  quickly  as  needed  and  refused  to  tool  up  to  provide 
them.  In  this  case, a reduction  in. consumption  of  energy  would  be  depen- 
dent on  how  quickly  the  air  preheaters  could  be  manufactured  and  then 
installed.  Since  the  potential  savings  attributable  to  the  'installation  of 
air  preheaters  is  significant,  this  conservation  action  should  be  sub- 
jected to  a systematic  study  and  evaluation,  Identifying  impacts  prior 
to  implementation  gives  one  the  opportunity  to  provide  an  alternate 
solution  or  to  deal  with  the  expected  impact  In  a planned  manner. 
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9.2.5  ENERGY  LABELING  AND  EFFICIENCY  STANDARDS  FOR  CONSUMER  PRODUCTS 
OTHER'  THAN  AUTOMOBILES  - ACTION  5 


■Energy  used  in  the  residential  sector  accounts  for  19  percent  of 
total  energy  consumed  in  this  country.  In  1970  95%  of  this  point  of  use 
energy  consumption  was  in  for  the  following  end  ii<;es:  space  heating  (68%), 

water  heating  (15%),  cooking  (5%),  refrigeration  (3%),  clothes  drying  (2%) 
and  air  conditioning  (2%).  Thus  this  area  offers  high  potential  for 
energy  savings  and  considerable  attention  has  been  focused  on  increasing 
the  efficiencies  of  appliances  to  effect  these  savings. 

Action  5 of  the  proposed  actions  calls  for  the  achievement  of  a 25% 
reduction  in  energy  usage  of  new  major  energy  consuming  consumer  products 
relative  to  their  output  by  1980  as  compared  to  their  usage  in  1974.  The 
labeling  requirements  may  be  made  applicable  to  the  following  types  of 
consumer  products: 

Room  and  central  air-conditioners 

Refrigerators 

Freezers 

Dishv/ashers 

Clothes  dryers 

Kitchen  ranges  and  ovens 

Water  heaters 

Home  heating  equipment,  including  furnaces 

Television  sets 

Clothes  washers 

Humidifiers  and  dehumidifiers 

Any  other  type’  of  consumer  product,  if  the  average  annual  per 
household  energy  use  by  product  in  such  type  exceeds  100  kilowatt 
hours  per  year. 

Average  annual  per  household  energy  use  of  a consumer  product  of  a particular 
type  is  defined  as  aggregate  energy  use  (KWh  or  BTU)  of  consumer  products 
of  that  type  which  are  used  by  households,  divided  by  the  number  of  house- 
holds in  which  products  of  that  type  are  used. 
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The  action  which  is  to  be  taken  is  to  establish  a program  of  energy 
labeling  and  test  procedures.  The  energy  labeling  is  designed  to  (1) 
assist  purchasers  in  determining  which  consumer  products  have  low  energy 
use  or  high  efficiency,  (2)  encourage  manufactures  to  sell  products  which 
have  low  energy  use  or  high  energy  efficiency.  The  purpose  of  the  test 
procedures  is  to  establish  energy  use  or  relative  energy  efficiency  under 
conditions  approximating  actual  use.  The  first  priority  of  the  proposal, 
at  least  in  the  first  few  years,  is  to  be  energy  labeling.  It  was  hoped 
that  voluntary  efforts  of  the  manufacturers  and  better  consumer  infor- 
mation would  be  sufficient  to  attain  the  energy  conservation  goal. 

Separate  energy  efficiency  improvement  targets  for  each  individual 
energy  consuming  product  are  to  be  set.  The  level  of  the  energy  improve- 
ment target  for  each  type  of  consumer  product  is  to  be  established  based 
on  the  degree  of  improvement  that  is  feasible  for  that  type  of  product, 
and  the  amount  of  improvement  necessary  to  meet  the  overall  goal  of  25%. 

If  any  type  of  product  does  not  attain  its  goal,  an  energy  efficiency 
standard  will  be  established  for  that  type  of  product.  Energy  efficiency 
standards  may  be  prescribed  only  after  labeling  requirements  have  been  in 
effect  for  at  least  18  months.  The  criteria  for  setting  energy  efficiency 
standards  are:  (1)  that  it  is  technologically  and  economically  feasible 

to  improve  energy  efficiency  or  energy  use  of  consumer  products  of  such 
type,  (2)  that  the  labeling  requirement  is  not  sufficient  to  induce 
manufacturers  to  produce,  or  consumers  to  buy,  consumer  products  of  such 
type  which  achieve  the  maximum  energy  efficiency  or  improvement  of  energy 
use  which  is  technologically  and  economically  feasible,  and  (3)  that  the 
benefits  of  reduced  energy  consumption  and  life  cycle  costs  outweigh  first 
cost  increases,  lessening  of  utility,  and  negative  effects  on  competition. 

The  proposed  action  should  contain  a statement  as  to  the  amount  of 
energy  savings  to  be  expected  in  1980  if  the  goal  of  25%  aggregate  increase 
in  efficiency  of  the  named  consumer  products  is  attained.  Thus  it  appears 
that  an  analysis  should  be  undertaken  to  weigh  expected  benefits  against 
expected  costs  to  industry  and  consumer.  Also  it  seems  that  an  attempt 
should  be  made  to  determine  if  this  action  would  indeed  result  in  a net 
energy  savings  or  if  the  requirements  for  its  attainment  could  be  satis- 
fied in  light  of  all  of  the  other  actions,  with  attendant  requirements, 
that  were  proposed.  These  points  are  addressed  in  the  following 
paragraphs. 

The  25%  increase  in  aggregate  consumer  product  efficiency  was  an 
extension  of  the  President's  request  for  a 25%  increase  in  consumer 
product  efficiency.  This  extension  was  based  on  the  results  of  an  FEA 
report  which  cited  potential  energy  savings,  from  efficiency  and  energy 
use  improvements  of  consumer  products,  of  29%.  This  report,  however 
excluded  central  air  conditioners  and  home  furnaces  from  the  analysis 
and  used  1972  energy  consumption  data  as  a baseline.  The  proposed  action 
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includes  central  air  conditioners  and  furnaces  in  its  list  of  consumers 
products  as  part  of  the  aggregation  that  is  to  achieve  25%  energy 
efficiency  improvement,  and  uses  the  base  year  1974.  As  space  heating 
accounts  for  68%  of  the  energy  use  in  the  residential  sector,  it  would 
have  a pronounced  effect  on  any  aggregate  energy  efficiency  goal.  This 
should  be  considered  in  setting  the  goal.  Also,  Project  Independence 
projected  that  the  unit  consumption  of  at  least  some  of  the  consumer 
products  listed  would  decrease  between  1972  and  1974  [PI-74-5],  which 
should  also  be  considered  in  setting  the  goal  and  base  year. 


A comparison  between  savings  to  be  realized  and  the  expense  to  be 
Incurred  by  industry  in  reaching,  the  goal  should  be  Included  in  the 
proposed  action.  The  consumer  will  ultimately  pay  the  bill  for  any 
expense  incurred  in  product  modification  (as  he  did  in  the  case  of 
pollution  controls  on  automobiles)  so  that  the  neglect  of  a comparison 
between  expected  savings  and  costs  would  be  a neglect  of  a potential 
impact  on  the  consumer. 

The  efficiency  improvement  targets  are  to  take  into  consideration 
the  feasibility  of  goal  attainment  for  each  type  of  consumer  product. 

A systematic  analysis  should  be  undertaken  to  determine  a priori  if  the 
feasibility  of  attainment  of  the  25%  aggregate  efficiency  improvement  is 
realistic  considering  all  of  the  actions  which  are  included  in  the 
National  Energy  Conservation  Proposal.  The  goal  should  be  set  after  a 
determination  is  made  as  to  its  feasibility  with  regard  to  requirements 
to  attain  this  goal.  Provision  is  made  for  the  setting  of  energy 
efficiency  standards  if  it  is  determined  that  it  is  technologically  and 
economically  feasible  for  a particular  type  of  product  to  reach  its 
goal  and  if  the  attainment  of  the  goal  will  result  in  a lower  life  cycle 
cost  to  the  consumer  weighed  against  lessened  utility  or  negative  effects 
on  competition.  This  determination  should  be  made  before  setting  the 
goal  and  thus  the  potential  hardships  that  may  impact  consumers  and 
industry  in  the  period  while  industry  strives  for  goal  attainment.  The 
consumer  product  industry  should  be  consulted  when  setting  the  efficiency 
goal  to  be  as  sure  as  possible  that  it  is  realistic  and  that  there  is  a 
reasonable  possibility  of  attaining  it.  This  is  especially  true  of  a 
voluntary  program  which  depends,  for  its  success,  on  the  cooperation  of 
industry.  If  industry  feels  they  are  being  asked  to  attain  an  impossible 
goal  which  has  not  been  well  thought  out  or  are  being  unjustifiably 
pressured,  the  possibility  of  attaining  the  goal  will  be  lessened.  It  may 
be  that  the  25%  goal  is  an  unrealistic  one.  Some  major  appliance  manufac- 
turers have  stated  reservations  as  to  the  possibility  of  the  attainment 
of  even  the  20%  goal  suggested  by  President  Ford.  As  a case  in'  point, 
the  General  Electric  Company  major  appliance  group  addressed  the 
question  of  attaining  a 20%  average  reduction  in  the  energy  usage  of  new 
home  appliances  by  1980  as  compared  to  new  home  appliances  built  in  1972 
(President  Ford's  January  15,  1975,  message  to  Congress).  The  follov/ing 
is  a quote  from  [GE-75-1]: 
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"It  was  generally  agreed  that  an  average  20  percent  reduction 
in  the  energy  consumption  of  appliances  in  the  time  span  from 
1972  to  1980  was  a very  ambitious  goal  that  will  tax  both  the 
technical  and  economic  resources  of  the  appliance  industry. 

In  order  to  attain  an  average  20%  reduction,  the  goals  for 
individual  appliances  have  been  set  both  above  and  below  20 
percent.  For  example:"  (See  Table  9. 2, 5-1  [62-75-1]) 

This  listing  does  not  include  two  of  the  biggest  energy  consumers;  central 
air  conditioners  and  space  heating  equipment.  They  make  the  point  that 
increasing  the  efficiency  of  central  air  conditioners  from  a current  HER 
of  7.4  to  10  would  entail  a very  large  Increase  in  the  cost  over  units 
today.  They  made  no  comment  on  the  question  of  space  heating  equipment 
except  with  regard  to  heat  pumps.  The  point  here  is  that  one  of  the 
major  manufacturers  of  energy  consuming  consumer  products  has  testified 
to  the  fact  that  the  attainment  of  a 20%  average  increase  in  consumer 
products  efficiency  would’ be  a "very  ambitious  goal"  whereas  the  proposed 
action  suggests  a 25%  improvement.  It  is  not  the  intention  to  sympathize 
with  the  consumer  product  manufacturers,  but  to  emphasize  that  a 
feasibility  analysis  should  be  done  a priori,  taking  into  consideration 
the  other  actions  which  would  be  enacted  concurrently  as  part  of  a 
national  energy  conservation  proposal.  That  is,  a systems  approach  or 
Technology  Assessment  should  be  used  to  assess  the  feasibility  of  the 
entire  proposal  including  all  the  actions.  Part  of  any  analysis  should 
be  a study  of  the  net  energetics  of  each  of  the  actions.  Will  the 
action  truly  lead  to  a net  energy  savings  after  the  additional  energy 
embodied  in  any  new  materials  o r manufacturing  processes  necessary  to 
effect  the  efficiency  improvement  are  subtracted  from  the  operating 
energy  savings  realized  by  using  the  new  efficient  product  rather  than  the 
old  1974  product?  This  net  energy  savings  is  that  which  should  be 
compared  to  the "financial  costs  of  attaining  it  when  making  a cost  benefit 
study. 

There  are  other  impacts  which  should  be  assessed  before  proposing 
this  action,  such  as  the  impact  that  its'  enactment  would  have  on  the 
building  industry.  Any  increase  in  the  price  of  consumer  products  would 
certainly  affect  the  selling  prices  for  new  homes  with  the  space  condi- 
tioning equipment  adding  the  largest  increment.  Utilities  should  also 
be  considered  for  their  revenues  may  drop  to  the  extent  that  their 
rates  would  have  to  be  raised.  This  would  mean  that  consumers  would  ulti- 
mately pay  more  for  his  monthly  bill  for  less  consumption.  This  was  the 
situation  that  occured  in  some  regions  during  the  winter  of  1974  when 
consumers  curtailed  demand.  Consumer  product  manufacturers  must  also 
be  considered  as  they  must  be  able  to  balance  any  increased  costs  with 
increased  revenues.  Lost  revenues  would  have  to  be  passed  on  to  the 
consumer  in  the  form  of  higher  prices.  If  their  sales  decrease  it  may  result 
in  unemployment.  There  is  also  the  problem  of  disposing  ““of , rather  than 
reselling,  second-hand  inefficient  appliances.  This  leads  to  the  point 
of  whether  energy  saving  appliances  will  sell  in  light  of  their  increased 
price.  The  public  must  be  educated  to  the  concept  of  life-cycle  costing. 

One  solution  might  be  to  put  all  savings  in  terms  of  dollars  rather  than 
energy  units.  Before  proposing  any  action  which  is  designed  to  save 
energy,  an  analysis  must  be  done  to  assess  all  the  implications  and  impacts 
that  go  along  with  it. 


9-23 


TABLE  9. 2. 5-1 

APPLIANCE  ENERGY,  USE  REDUCTION  GOALS  lGE-75-i:! 


Appliance 

1980  1 

Refrigerators 

30% 

Ranges 

Gas 

30% 

Electric 

10% 

Room  Air  Conditioners 

22% 

Dryers 

Gas 

12% 

Electric 

6% 

Water  Heaters 

Gas 

25% 

Electric 

9% 

Freezers 

25% 

Television 

Black  and  white 

48% 

Color 

42% 
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9.2.6  INCREASED  USE  OF  COAL  --  ACTION  6 

Action  6 provides  for  the  utilization  of  coal  in  all  power  plants 
with  existing  coal  facilities  and  for  the  conversion  of  sufficient 
natural  gas  fired  plants  to  aleviate  natural  gas  shortages.  The  FEA 
has  reviewed  the  status  of  existing  power  plants  and  has  found  155  boilers 
at  79  stations  with  a combined  capacity  of  25,000  MW  which  could  be  con- 
verted to  coal  without  major  modification.  [Power-75,33].  In 
addition  it  is  proposed  that  a sufficient  number  of  gas  fired  plants  are 
converted  to  oil  to  overcome  a deficit  of  1.1  trillion  cubic  feet/year 
of  natural  gas  [HR.  7014  Hearings-75,1107]. 

These  combined  actions  would  reduce  natural  gas  requirements  in 
existing  power  plants  from  3.4  X 10®  to  2.3  MMCF/year,  oil  requirements 
from  527  X^10°  to  505.9  X.10°bbl/year  and  increase  coal  needs  from 
389.3  X 10°  to  427.3  X 10°  tons/year.  At  $ll/bbl  for  oil  the  direct 
improvement  is  balance  of  payments  would  be  $233  mill  ion/year.  One 
problem  is  that  of  obtaining  sufficient  coal  supplies.  Both  power 
plant  construction  and  mine  development  require  significant  lead  times 
so  that  future  coal  requirements  and  availibility  may  be"  projected  at 
least  three  years  with  a relatively  high  degree  of  accuracy.  The 
scheduled  startup  of  new  fossil  fuel -fired  plants  [EW-75,58]  and  the 
opening  of  new  mines  [Murphy-75]  show  no  expected  surplus  of  coal  by 
1977.  However  it  was  found  that  an  additional  31-.4  X 10°  tons/year  might 
be  produced  by  1977  if  an  aggressive  development  program  were  undertaken 
today.  While  this  is  still  somewhat  short  of  the  38  X 106  tons  required 
for  all  FEA  conversions  it  does  indicate  that  the  conversion  process 
could  be  completed  before  1980.  In  the  interium  period  it  may  prove  advan- 
tageous to  import  coal  and  to  alleviate  any  transient  deficit. 

Using  a value  of  $ll/bbl  for.  oil  as  compared  to  $26/ton  for  coal, 
it  is  found  that  conversion  of  the  FEA  designated  plants  to  coal  would 
reduce  annual  fuel  costs  from  $1.77  billion  to  $.988  billion.  This  is 
an  annual  improvement  in  the  balance  of  payments  of  $.783  billion,  even 
if  all  coal  is  imported.  Conversion  costsare  estimated  at  $11.9 
billion  under  present  state  environmental  implementation  plans  but 
would  drop  to  $0,6  billion  (1980  dollars)  if  standards  were  relaxed 
to  the  primary  and  secondary  federal  ambient  standards.  [Allen-75] 

It  is  apparent  that  the  economic  feasibility  of  such  a conversion  is 
directly  related  to  the  environmental  standards.  Many  of  the  utilities 
and  coal  producers  advocate  a review  of  environmental  standards  with 
a trade-off  between  the  national  needs  of  environmental  conditions  and 
energy  needs. 

Retrofitting  of  boilers  to  utilize  coal  in  plants  not  designed 
for  coal  has  previously  been  proposed.  The  costs  of  such  a retrofit 
program  has  been  estimated  at  $26  billion  (1980  dollars)  exclusive  of 
capital  required  to  meet  air  pollution  control  requirements  or  of 
capital  outlays  by  supporting  railroad,  etc.  [Allen-75]  As  noted 
from  Table  1.2-2,  sufficient  coal  supplies  are  simply  not  available 
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to  accomplish  such  a conversion  prior  to  1978.  It  is  clear  that  any 
retrofit  program  will  be  hampered  by  the  rate  at  which  additional 
mines  can  be  developed  and  should  be  delayed  until  coal  production 
surpluses  can  be  attained.  Note  that  the  cost  of  retrofit  is  of 
the  same  order  of  magnitude  as  the  cost  of  the  coal  gasification  programs 
in  Appendix  D.  Both  programs  provide  about  3 quads  of  additional 
pipeline  gas  and  both  cost  on  the  order  of  $30  billion.  However, 
gasification  plants  would  be  new  facilities  with  a 40  year  lifetime, 
whereas  retrofitting  of  old  natural  gas  plants  would  provide  significantly 
shorter  service. 

An  additional  area  of  concern  is  conversion  to  cpal  in  transportation. 
Ra-il.  facilities,,  particularly  in  the  Northeast,  have  deteriorated  over 
the  past  several  years  and  will  require  upgrading.  Today  there  is  both 
a shortage  of  hopper  cars  and  coal  barges  so  that  potentially  significant 
problems  may  occur  in  transport.  The  problem  will  be  accentuated  by 
development  of  the  low  sulfur  coal  areas  of  the  Northern  Great  Plains. 

While  rail  lines  are  generally  in  good  repair  in  this  region,  the  distance 
travelled  to  major  population  areas  is  enormous..  This  may  be  seen  in 

Rgure  1.2-1.  Barge  transport  is  generally  much  cheaper  than  rail,  but 
no  waterways  of  sufficient  depth  are  found  in  the  area.  Generally,  it 
is  recognized  that  rail  transport  will  be  required  at  least  to  the 
Mississippi  River.  From  there,  coal  may  move  east  either  up  the  Ohio 
River  or  down  through  the  Gulf.  Transportation  by  rail  provides  a 
significant  side  benefit  of  providing  substantial  revenues  to  rail 
systems.  In  fact,  coal  transport  constitutes  the  railroads'  single 
most  important  commodity  class.  Thus conversion  to  coal  serves  to 
stabilize  rail  revenues. 


9.3  INPUT-OUTPUT  ANALYSIS  OF  NATIONAL  ENERGY  CONSERVATION 

Let  S refer  to  actions  relating  to  substitution  of  coal  for  oil 
and  gas.  Following  the  discussion  of  proposed  actions  presented  in 
Section  9.2,  substitution  refers  to  a 100"^  switch  away  from  gas  and  a 
50^  switch  away  from  oil  to  coal  in  generating  electricity.  Let  E 
refer  to  actions  directly  impacting  on  industrial  energy  efficiency. 

The  major  action  is  a proposed  20^  improvement  in  industrial  energy 
use.  The  time  frame  is  1985.  Let  C refer  to  actions  which  impact  on 
the  consumption  sector.  Included  in  this  category  would  be  mandated 
improvements  in  miles  per  gallon  and  home  appliance  operation  efficiency. 

The  assessments  of  actions  in  sets  S and  E were  made  using  the 
ECASTAR  energy  input-output  model.  Actions  in  set  C were  evaluated 
outside  the  context  of  the  I-O  model.  The  years  1967,  1980,  and  1985  were 
selected  in  order  to  trace  what  the  secondary  impacts  were  likely  to  be. 
Each  time  period  is  analyzed  separately. 


9.3.1  1967- THE  BASE 

Energy  source  requirements  for  1967  are  presented  in  Table  9. 3. 1-1. 
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TABLE  9.3.1 -1 

COMPARISON  OF  ENERGY  REQUIREMENTS 
UNDER  VARIOUS  CONSERVATION  ACTIONS 
1967 

xlO^^  BTU's 


Action(s) 
Base  (1) 

COAL 

14.8 

REFINED 

PETROLEUM 

26.1 

NATURAL 

GAS 

18.45 

TOTAL 

59.35 

S 

(2) 

18.1 

25.6 

15.65 

59.35 

S and  E (3) 

15.7 

20.8 

15.30 

51.80 

E 

(4) 

12.5 

22.0 

17.9 

52.40 

(1)  Base  Case-Bureau  of  Labor  Statistics 

(2)  Substitution  Actions  (Coal  for  oil  and  gas  as  discussed  in  section  9.2) 

(3)  Substitution  and  industrial  efficiency  improvements  (as  discussed  in  9.2) 

(4)  Industrial  efficiency  improvements  only. 
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Implementing  only  the  industrial  efficiency  standards  would  have 
produced  an  11%  reduction  in  overall  energy  use  in  1967.  The  indirect 
impacts  associated  with  efficiency  improvements  are  far  less  than  for 
substitution.  The  major  drawback  to  a policy  aimed  only  at  increasing 
efficiency  is  that  it  may  not  reduce  the  energy  requirement  of  oil  and 
natural  gas  enough  to  curtail  imports.  This  presents  serious  problems 
in  the  1985  case  — where  estimated  natural  gas  requirements  are  over 
40  quads. 


9.3.2  1980  PROJECTIONS 

Estimated  energy  demand  by  source  for  1980  is  given  in  Table  9.3.2t1. 
The  1980  base  case  was  based  on  the  BLS  projected  estimates  for  1980 
and  1985.  This  case  is  very  much  like  a historical  growth  extrapolation. 
While  historical  growth  is  unlikely  to  pace  the  future,  it  is  nevertheless 
instructive  to  compare  the  effectiveness  of  conservation  actions  to  this 
standard. 

By  1980,  if  the  substitution  strategy  had  been  followed,  the 
additional  requirement  in  coal  production  would  be  almost  10  quads.  If 
both  the  substitution  and  efficiency  strategies  were  followed,  almost 
an  additional  6 quads  of  coal  would  be  needed. 

The  indirect  requirements  in  terms  of  quads  needed  to  produce  the 
additional  coal  would  be  2.4  quads  for  substitution  only  and  1.4  quads 
for  both  substitution  and  increased  efficiency.  Table  9. 3. 2-2  highlights 
the  additional  requirements  which  would  be  necessary  to  permit  the  sub- 
stitution. Note  that  these  projections  are  requirements  above  the  1980 
projected  output  levels.  A detailed  analysis  of  each  major  industry's  capa 
city  to  expand  would  be  necessary  to  complement  the  assessment  of  substi- 
tution. 

Those  numbers  should  be  compared  relative  to  the  projected  growth  of 
the  input  industries.  Table  9, 3. 2-3  provides  a perspective  of  what  an 
additional  1%  in  growth  implies.  Employment  estimates  do  not  take 
productivity  changes  into  consideration. 

Table  9. 3.2-4  presents  energy  requirements  under  the  assumption 
natural  gas  demand  is  held  constant  at  1974  levels.  Considerable  quad 
savings  can  be  brought  about  by  accepting  a 1.5%  decrease  in-GNP  relative 
to  what  it  would  have  been  for  the  1980  base  case.  It  has  been  pointed 
out  in  earlier  chapters  that  a reduction  in  final  demand  will  imply 
overall  energy  savings.  Note,  however,  as  final  demand  falls,  so  does 
GNP. 


9,3-3  1985  PROJECTION 

Tables  9.3.3-T,  9. 3. 3-2,  and  9.3. 3-3  summarize  the  energy  and  related 
input  requirements  for  various  cases  in  1985.  The  S and  E conservation 
program  appears  to  save  11%,  relative  to  the  1985  base  case.  However, 
to  bring  about  the  substitution,  another  2.5  quads  of  indirect,  imbedded 
energy  would  be  required. 


TABLE  9.  3.-2=--l 


COMPARISON  OF  ENERGY  REQUIREMENTS 
UNDER  VARIOUS  CONSERVATION  ACTIONS 
1980 

xlO^^  BTU's 


Action(s) 

COAL 

REFINED 

PETROLEUM 

NATURAL 

GAS 

Base  Case  (1) 

24.6 

34.9 

39.9 

S (2) 

34.0 

37.86 

27.5 

S and  E (3)’ 

31.72 

32.70 

25.0 

E (4) 

24.17 

33  45 

32.56 

(1)  Base  Case-Bureau  of  Labor  Statistics 

(2)  Substitution  Actions  (Coal  for  oil  and  gas  as  discussed  in  section  9 

(3)  Substitution  and  industrial  efficiency  improvements  (as  discussed  in 

(4)  Industrial  efficiency  improvements  only. 


TABLE  9. 3. 2 -2 

ADDITIONAL  REQUIREMENTS  ASSOCIATED 
WITH  THE  SUBSTITUTION  STRATEGY 


Industry  group 

1980 

Additional  output 

Additional 

Primary  metals 

growth  required 

(?) 

0.8 

labor  required 
(103) 

11.0 

Water 

1.0 

0.6 

Machinery 

2.0 

84.0. 

Transportation  manufacturing 

0.3 

4.0 

Transportation 

2.3 

92.0 

Retail /wholesale  trade 

0.4 

50.0 

Chemicals  and  allied  products 

1.1 

10.0 

TABLE  9. 3, 2-3 

PROOECTED  OUTPUT  GROHTH  FOR  SELECTED 
INDUSTRIES  FROM  1967  to  1980 


INDUSTRIES 

1967 

TOTAL  OUTPUT 

1980 

TOTAL  OUTPUT 

1967 

EMPLOYMENT 

1980 

EMPLOYMENT 

($  X 109) 

($x  109) 

(x  103) 

(x  10^) 

Primary  metals 

50.9 

86.5 

1350 

2220 

Water 

2.8 

4.0 

46 

59 

Machinery 

63.6 

111.0 

1390 

4180 

Transportation 

manufacturing 

70.4 

125.0 

1950 

3320 

•Transportation 

46.8 

75.6 

2830 

4060 

Retail /wholes  ale 
trade 

162.0 

256.0 

16150 

25300 

Chemical’S 

46.5 

84.9 

1001 

1800 

TOTAL 

99.4 

99.36. 

89.4 
90.18 

2) 

9.2) 
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TABLE  9. 3. 2-4 

COMPARISOfi  OF  ENERGY  OUTPUT  REQUIREMENTS 
UNDER  VARIOUS  CONSERVATION  ACTIONS 
ASSUMING  FINAL  DEMAND  FOR 
NATURAL  GAS  IS  FIXED 
AT  1974  LEVELS 


Action(s) 

Coal 

Base  (1)  26.1 

xlO 

Refined 

Petroleum 

38.5 

BTU's 

Natural 

Gas 

30.1 

Total 

94.7 

S (2)  33,9 

37.9 

22.5 

94.4 

S and  E(3)  31.7 

32,6 

20.4 

84.7 

E (4)  24.2 

33.3 

27.5 

85.1 

(1)  Base  Case- Bureau  of  Labor  Statistics 

(2)  Substitution  Actions  (Coal  for  oil  and  gas  as  discussed  in  section  9.2) 

(3)  Substitution  and  industrial  efficiency  improvenients  (as  discussed  in  9.2) 

(4)  Industrial  efficiency  improvements  only. 


TABLE  9.3. 3-1 

COMPARISON  OF  ENERGY  REQUIREMENTS 
UNDER  VARIOUS  CONSERVATION  ACTIONS 

1985 

xlO^^  BTU’s 


Action(s) 

Coal 

Ref i ned 
Petroleum 

Natural 

Gas 

Total 

Base  core(l) 

29.0 

49.0 

44.0 

122.0 

$(2) 

41 

48.3 

33.0 

122.3 

S and 

37.1 

44.0 

31.0 

112.1 

eW 

28.6 

46.2 

41.7 

116.5 

(1)  Base  Case,  Bureau  of  Labor  Statistics 

(2)  Substitution  action  (coal  for  oil  and  gas  as  discussed  in  section  9.2) 

(3)  Substitution  and  Industrial  Efficiency  Improvements  ^s  discussed  in  9.2) 

(4)  Industrial  Efficiency  Improvements  Only 
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TABLE  9. 3. 3-2 

ADDITIONAL  REQUIREMENTS  ASSOCIATED 
WITH  THE  SUBSTITUTION  STRATEGY  (1) 
1985 


Industry 

Group 

Additional  output 
growth  required 
(%) 

Additional  labor 
required 
(xio^) 

Primary  metals 

1.8 

14 

Hater 

1.4 

1 

Machinery 

3.2 

1 

Transportation 

Manuracturing 

0.45 

41 

Transportation 

3.5 

99 

Retail/wholesale 

trade 

0.7 

71 

Chemicals 

1.5 

12 

(1)  Substitution  Strategy  is  switching  100%  away  from  natural  gas  and  50% 
away  from  oil  as  discussed  in  Section  9.2 


TABLE  9.3. 3-3 

PROJECTED  OUTPUT  GROWTH  EOR  SELECTED 
INDUSTRIES  FROM  I960  to  1985  Cl) 


Industries 

1980 

Total  Output 

1985 

Total  Output 

1980 

Labor 

‘1985 

Labor 

($  xlO^) 

($  Xl09 ) 

(xlO^ ) 

(xlO^ ) 

Primary  Metals 

86.5 

104.2 

2220 

2760 

Water 

4.0 

4.5 

59 

65 

Hachi nery 

111,0 

136.1 

4180 

.5100 

Transportation 

Hanufactu-ring 

125.0 

144.0 

3320 

3800 

Transportation 

75.6 

90.0 

4060 

4800 

Retail /wholes  ale 
trade 

256.0 

300.0 

25300 

29600 

Chemicals 

84.9- 

104.0 

1800 

2200 

fn\ 


n 
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If  the  proposed  actions'  which  directly  impacted  on  industry  had  been 
implemented  in  1967,  overall  industry  energy  savings  would  be  approxi- 
mately 12.5^.  Note  that  industry  includes  mining,  construction,  manu- 
facturing, and  services.  The  direct  impact  of  substitution  is  a shift 
in  the  source  requirements.  In  1967  over  3 additional  quads  of  coal 
would  have  been  needed.  Substitution  raises  an  interesting  question. 

Was  there  the  excess  capacity  to  produce  3 more  quads  of  coal?  Would 
there  have  been  sufficient  quantities  of  inputs  into  coal  mining  — water, 
steel,  rail  cars,  employment?  The  magnitude  of  these  secondary  require- 
ments determines  how  feasible  the  substitution  is.  Mote  also  that  since 
the  ECASTAR  model  does  not  have  a nuclear  sector,  some  of  the  burden 
which  falls  on  coal  will  be  directed  to  alternative  energy  sources  — 
nuclear,  for  example. 

The  indirect  Impacts  of  substituting  coal  for  oil  and  gas  are  sub- 
stantial. In  1967  dollars,  the  substitution  would  have  implied  a billion 
dollar  increase  in  coal  production.  To  achieve  this  additional  production 
almost  3/4  of  a quad  of  additional  energy  would  have  to  be  used.  Further- 
more, the  increased  coal  production  would  require: 

primary  metals  output  to  increase  by  2% 

water  output  to  increase  by  1 1/2% 

machinery  output  to  increase  by  ]% 

vehicle  manufacturing  {primarily  rail)  output  to  increase  by  6% 
transportation  and  warehousing  output  to  increase  by  3% 

The  implied  indirect  increases  in  manpower  would  be  an  additional: 

45.000  for  coal  mining 

27.000  for  steel  manufacturing 

117,000  for  transportation  equipment 

85.000  for  transportation 

While  these  estimates  need  to  be  qualified,  given  the  aggregation 
inherent  i n the  model,  they  nonetheless  point  out  that  major  secondary 
impacts  are  likely  to  occur.  These  gains,  moreover,  are  not  offset  by 
the  decline  in  gas  and  oil  allocated  to  electric  utilities. 

The  direction  and  magnitude  of  the  indirect  impacts  suggest  that 
substitution  may  be  more  easily  implemented  when  the  economy  is  slack. 

Such  substitution  might  well  fuel  an  economic  recovery.  However,  adopting 
substitution  when  the  economy  is  rapidly  moving  towards  full  employment  will 
necessarily  increase  competition  for  industry  output.  A tradeoff  in  a 
growing  economy,  between  energy  substitution  and  other  areas  of  growth, 
could  well  alter  patterns  of  investment  and  -consumption  for  years  to  come. 


-9-32 


Table  9. 3. 3-4  describes  the  energy  requirements  if  the  final  demand 
for  natural  gas  was  held  constant-  at  its  1974  level.  At  best  a 16% 
reduction  relative  to  the  1985  base  case  can'  be  achieved  --  at  a cost  of 
V/c  in  terms  of  GNP  growth  from  1980  to  1985. 

Extreme  care  should  be  used  when  assessing' these  numbers.  First, 
the  proposed  actions  were  made  to  impact  immediately  in.  any  one  year. 

A gradual  scheduled  shift  would  help  moderate  the  impacts.  Secondly, 
all  the  feedbacks  were  not  assessed  via  an  iterative  procedure.  Reaction 
to  prices-  and  output  constraints  was  not  built  into  the  model.  Finally, 
other  energy  sources  were  not  fully  accounted  for. 

It  does  appear,  however,  that  because  of  the  recent  economic  slump 
and  the  reluctance  to  deregulate  natural  gas,  conservation  aimed  at 
increasing  efficiency  may  help  reduce  consumption  to  approximately  104 
quads  by  1985.- 

Actions  contained  in  set  C were. considered  in  the  1985  case  only. 
Table  9. 3. 3-5  presents  rough  estimates  of  the  savings  brought  about  by 
these  actions. 


9.3.4  SUMMARY 

The  previous  tables  characterized  estimates  of  the  effectiveness  of 
a set  of  actions  in  an  economy  moving  along  an  historical  growth  curve. 
Included  with  these. numbers  were  estimates  of  some  of  the  subsidiary 
impacts.  While  it  was  recognized  that  much  refinement  in  the  model  is 
required,  the  model  nevertheless  uncovered  certain  areas  which  deserve 
close  monitoring  — among  them  production  in  the  transportation,  primary  . 
metals,  and  machinery  industries.  Simulating  the  model  under'  various 
sets  of  assumptions  is  necessary  in  order  to  assess  the  sensitivity  of 
the  economy  to  certain  impacts.  Some  variables  which  deserve  attention 
are:  energy  Industry  capacity,  steel  output,  prices,  GNP  growth,  un- 

emoloyment,  and  aggregate  demand.,  Impacts  which  result  from  a change  in 
government  spending  should  also  be  analyzed.  This  is  particularly 
important  if  the  government  plans  to  underwrite  research  -and  development 
and  technology  assessment  In  the  energy  area..  For  example,  the  decision 
itself  to  go  electric  using  nuclear  and  coal  as  primary  fuels  implies  a 
host  of  direct  and  indirect  impacts  that  need  to  be  taken  into  account. 


TABLE  9. 3. 3-4 


COMPARISON  OF  ENERGY  REQUIREMENTS 
UNDER  VARIOUS  CONSERVATION  ACTIONS 
ASSUMING  DEMAND  FOR  NATURAL  GAS 
FIXED  AT  THE  1974  LEVEL 
1984 

xlO^^  BTU‘s 


Action (s) 

Coal 

Refined 

Petroleum 

Natural 

Gas 

Total 

Base(^) 

33.2 

48.9 

32.9 

115.2 

s(2) 

40.86 

47.5 

25.8 

114.2 

S and  E^^^ 

38.0 

41.0' 

23.2 

102.2 

e(4) 

31.1 

43.2 

29.5 

103,8 

(1)  Base  Case  Bureau  of  Labor  Statistics 

(2)  Substitution  action  (coal  for  oil  and  gas  as  discussed  In  Section  9.2) 
{3)  Substitution  and  Industrial  Efficiency  Inprovements  as  discussed  in  9.2 
(4)  Industrial  Efficiency  Improvements  Only 


TABLE  9. 3. 3-5 

ESTIfiATES  OF  SAVINGS  FROM  CONSERVATION 
ACTIONS  IN  SET  C a 


1985 


1967  Base 

xlO^^  BTU's 

Consumption  of  re-  Electricity 
fined  petroleum  consumption 

10.7  1.2 

Natural  gas 
consumption 
4.4 

Total 

16.3 

1985  Estimated 
Base  ^ 

22.2  2.3 

8.7 

33.2 

Savings^  from 
actions  in 
Set  C 

1.78  .24 

2.02 

Savings  in 
coal 

.75 

Total  Savings 

2.77 

a)  Actions  considered  were  100%  increased  .in  MPG  iji  1985  and  25%  increase  in 
appliance  operating  efficienq^  in  1985. 

b)  Estimated  by  extrapolating  1967  base  along  historical  growth  curve. 

c)  Savings  were  computed  by  assuming  standards  affected  10%  of  the  fleet 
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CHAPTER  10.  ELECTRIFICATION 


The  electric  utility  industry  is  a true  energy  delivery  system  in 
the  precise  meaning  of  the  systems  method.  It  is  a major  component  of 
the  energy  picture  today  and  of  every  scenario  of  the  foreseeable  future. 
As  an  energy  system  the  utility  industry  is  controlled  completely  by 
its  system  environment;  fuel  suppliers,  equipment  suppliers,  govern- 
mental regulations,  and  consumption  habits.  In  the  mid-term,  electricity 
is  the  major  alternative  to  direct  use  of  scarce  fossil  fuels.  Elec- 
trification has  been  chosen  for  an  assessment  of  conservation  impact 
because  it  is  almost  the  sole  consumer  of  coal  and  nuclear  power,  and 
because  electrical  end  use  can  be  made  to  have  higher  overall  efficiency 
than  many  present  direct  fuel  uses.  The  important  actions  within 
electrification  examined  here  are  those  with  the  greatest  impacts 
(coal  and  nuclear),  the  greatest  technological  requirements  (peak 
shaving  and  transmission)  and  the  greatest  response  from  the  decision 
makers  (economic  health  and  growth  of  utilities  in  an  era  of  increasing 
energy  costs). 


10.1  INTRODUCTION- 

Electrification  will  be  considered  as  a set  of  actions  and/or 
policies  that  leads  to  an  increasing  proportion  of  total  energy  used 
in  the  form  of  electricity.  The  increases  in  the  amount  used  may  come 
from  pure  growth  in  energy  demand  or  from  a replacement  of  the  direct 
use  of  the  traditional  fossil  fuels.  The  roughly  7%  historical  growth 
of  electricity  has  been  slowed  by  the  Arab  oil  embargo  and  the  recent 
slowdown  of  economic  activity.  The  upward  trend  is  expected  to  continue 
for  several  important  reasons.  One  is  that  coal  is  abundant  in  the 
United  States  as  a substitute  for  the  more  scarce  oil  and  natural  gas. 
Secondly,  uranium  has  roughly  four  times  the  energy  content  of  all  our 
fossil  fuels  combined.  Coal  and  nuclear  power  are  expected  to  support 
the  strategy  of  removing  dependence  on  foreign  resources.  Environmental 
considerations  have  somewhat  impeded  the  progress  of  electrification. 
Technological  and  economic  factors  may  help  or  hinder  its  progress.  The 
undercurrents- of  social  and  oolitical  activities  are  expected  to  have 
ambivalent  effects  on  the  electric  future. 

This  chapter  is  designed  to  investigate  the  principal  areas  involved 
with  electrification.  The  belief  is  held  that  the  implications  of  such 
a broad  strategy  are  not  fully  understood  in  terms  of  energy  conservatitin. 
It  should  be  noted  that  some  of  the  subactions  within  electrification 
are  not  conservation  per  se,  but  are  necessary  to  implement  other 
conservation  actions. 
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Important  actions  that  are  underway  or  proposed  in  the  energy 
industry  are  discussed  in  Section  10.2.  The  coincident  actions  in  the 
other  sectors  of  the  economy  are  dealt  with  in  Section  10.3.  Section  10.4 
is  the  synthesis  of  the  forces  within  electrification,  including  sector 
feedback  flows.  Section  10. 5. makes  recommendations  based  on  the  assumption 
(whether  or  not  justified)  that  electrification  will  continue  to  be  a 
major  part  of  the  U.  S.  energy  scene. 


10.2  ENERGY  INDUSTRY  ACTIONS 

Of  direct  interest  in  the  electrification  of  the  U.  S.  economy  are 
subactions  taken  by  the  energy  industry  itself.  These,  together  with  the 
concurrent  actions  of  the  other  sectors,  will  have  significant  impact  on 
the  domestic  energy  future.  The  major  actions  discussed  in  this  section 
involve  increased  use  of  coal  and  nuclear  fuels  and  the  improvement  of  the 
operations  of  electric  utilities. 


10.2.1  INCREASE  POWER  GENERATION  FROM  COAL 

The  use  of  coal  in  the  U.  S.  now  and  in  the  future  represents  an  ideal 
subject  for  a systems  study.  The  final  form  of  a coal  economy  is  not  deter- 
mined now  because  of  the  many  developing  technologies.  All  phases  of  the 
coal  industry  are  under  reassessment. 

. The  purpose  here  is  to  discuss  the  transition  of  the  electric  utility 
industry  to  a coal/nuclear  base.  The  interaction  of  this  coal  market  with 
the  development  of  new  coal  intermediates  and  markets  will  be  covered. 

The  interaction  of  coal  and  nuclear  energy  in  the  utility  industry  will 
not  be  discussed:.^  The  two  fuels  vary  significantly  in  time  frame,  obstacles, 
impacts,  and  technical  and  industrial  support. 

Fossil  fuel  power  plant  designs  have  shifted  essentially  100%  to  coal 
in  the  last  three  years.  There  is  strong  support  in  Congress  and  FEA  to 
mandate  retrofits  Wherever  possible  of  both  power  plants  and  orocess  heat  or 
steam  generators.  This  latter  action  is  an  outgrowth  of  the  crisis  atmos- 
phere of  the  energy  problem.  In  the  long  view,  in  an  electrified  economy, 
the  retrofitting  of  the  existing  plants  will  be  a minor  factor.  There  is 
evidence  that  this  retrofitting  will  be  delayed  slightly  by  the  too  slow 
exoansion  of  coal  supplies. 

The  largest  requirement  in  conversion  to  coal  is  not  the  mining,  trains, 
or  equipment  but  environmental  and  health  protection.  This  protection  re- 
quirement begins  at  the  mine  with  health,  safety  and  reclamation  and  continues 
to  the  disposal  of  the  varied  combustion  products  such  as  ash,  dust,  sulfur 
compounds,  toxic  metals,  carbon  dioxide,  and  rejected  heat.  There  is  some 
sentiment,  prompted  again  by  the  crisis,  to  relax  environmental  standards  in 
order  to  facilitate  the  transition  in  the  near  term.  This  essential  require- 
ment of  cleaning  up  the  coal  system  is  projected  to  add  to  the  cost  of  coal- 
generated  electricity..  This  requirement  is  also  the  major  obstacle  to 
implementing  coal.  Along  with  many  other  elements  of  the  energy  problem, 
the  major  design  decisions  necessary  to  determine  an  integrated  system  are 
awaiting  some  near-term  and  mid-term  development  results. 
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The  scale  of  the  materials  handling  problem  associated  with  a coal  elec- 
tric economy  is  staggering.  This  is  compounded  by  the  simple  fact  that  coal 
must  be  handled  several  more  times  in  its  fuel  cycle  than  oil  or  gas.  Thus 
the  first  area  of  awaited  developments  is  in  the  transport  of  coal  and  all 
the  associated  by-products.  The  transportation  problem  is  complicated  by 
the  dispersed  sources  of  the  fuel  and  its  concentrated  consumers.  Materials 
handling  is  one  of  the  factors  driving  coal  conversion  to  liquid  or  gaseous 
form.  Significant  problems  related  to  delivery,  handling,  and  storage  of 
coal  can  be  expected  as  plant  sites  become  more  scarce.  A key  obstacle  to 
retrofitting  'existing  plants  is  the  lack  of  space  for  stockpiles  and  even 
access  to  railroads.  Some  of  these  problems  will  be  reduced  or  eliminated 
tf  economical  conversion  methods  can  be  developed.  Estimates  of  the  time 
for  large-scale  availability  of  coal  intermediates  is  post-1985.  [PI-74] 

The  removal  of  sulfur  and,  to  a lesser  degree,  other  harmful  materials 
from  coal  is  being  attacked  both  before  and  after  the  combustion  process. 
Successful  clean-up  of  the  coal  or  the  combustion  products  must  be  accom- 
plished immediately.  Expansion  of  coal  use  from  present  levels  will  cause 
conflict  with  air  standards  In  most  parts  of  the  country.  Use  of  low  sulfur 
coal  predominantly  will  shift  the  mining  forces  and  restrict  expansion  of 
the  coal  supply.  The  expense  of  coal  clean-up  impacts  the  utilities  in  two 
different  ways.  If  scrubbers  are  used,  they  become  part  of  the  capital 
expense  of  the  utility.  If  pre-combustion  treatment  is  used  the  cost  appears 
as  a fuel  cost.  A variety  of  processes  are  under  development  which  would 
yield  a "clean"  coal  in  different  physical  forms  which  implies  different  com- 
bustion properties  and  post-combustion  clean-up.  The  combustion  product 
"scrubbers"  are  beginning  to  show  good  results  in  tests.  For  some  time  the 
cost,  complexity  and  dovm-time  due  to  lack  of  operating  experience  of  these 
scrubbers  was  generating  great  opposition  by  the  utilities  to  their  use. 
Problems  of  disposing  of  the  waste  products  have  not  been  solved.  The 
scrubber  units  would  be  attached  to  each  power  plant.  Coal  clean-up  plants 
on  the  pre-combustion  side  of  the  cycle  could  be  located  to  optimize  trans- 
portation requirements.  Choice  of  a site  for  a coal  conversion  or  clean-up 
plant  would  be  determined  by  the  output  form  (BTU  of  gas,  liquid,  or  other), 
and.  the  network  optimization  of  serving  several  mines  and  possibly  several 
power  plants.  Sites  for  coal  processing  will  compete  with  sites  for  the 
power  plants  and  other  major  industrial  installations.  There  is  a great 
opportunity  for  a systems  study  of  a coal  conversion  plant  interfacing  with 
other  heavy  industry  as  a consumer  or  producer  of  product  and  energy  streams 
besides  electricity. 

The  technology  of  conversion  of  coal  to  electricity  is  undergoing  inten- 
sive studies  directed  at  achieving  higher  thermal  efficiencies  and  at  pro- 
ducing a waste-product  stream  which  is  easy  to  clean  up  and  compatible  with 
maximum  .heat  utilization.  Success  in  some  areas  such  as  magneto hydrodynamics 
may  depend  on  the  same  processing  of  coal  to  remove  contaminants  as  does 
ordinary  combustion.  Advanced  systems  such  as  MHD  or  turbine- topping  cycles 
benefit  from  coal  conversion  also. 
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All  of  the  above  is  intended  to  show  the  complex  interrelationship  of 
diverse  technologies  now  under  development.  Coal  is  projected  to  be  a groW' 
ing  source  of  electricity.  Coal  is  projected  to  be  a sustaining  fuel  for 
the  U,  S.  and  the  world  through  the  year  2000.  This  means  that  there  is 
enough  time  to  go  through  more  than  one  generation  of  development  projects. 
It  also  means  that  sufficient  longevity  of  the  resource  exists  to  amortize 
the  generations  of  plants  not  yet  developed. 

An  orderly  development  of  a coal-electric  system  would  suggest  growth 
sufficient  to  meet  base  load  growth  (with  nuclear)  until  intermediate 
processes  are  developed  which  can  simplify  the  handling  and  pollution  prob- 
lems. Implicit  in  such  a suggestion  is  that  a systems  approach  should  be 
applied  in  redesigning  the  energy  industry  - utility  interfact  with  all  of 
the  transportation,  land  use,  and  pollution  constraints  aoplied.  The  crea- 
tion of  very  large  scale  coal-processing  industries  would  generate  an 
industrial  base  to  rival  the  present  petroleum  refining  industry.  The 
relationship  of  this  new  intermediate  industry  to  the  fuel  producers,^ 
utilities,  and  new  diversified  companies  has  not  been  specified.  It  is  a 
possible  horizontal  integration  for  any  company  in  the  energy  industry  and 
a possible  vertical  integration  for  the  utilities. 

More  on  the  background  of  coal  as  a source  of  energy  is  found  in 
Section  D.2.1  of  Appendix  D. 


10.2.2  INCREASE  THE  USE  OF  NUCLEAR  POWER 

The  success  of  the  electrification  strategy  in  energy  conservation  will 
depend  to  a large  extent  on  the  participation  of  the  nuclear  energy  industry 
during  the  near  time  frame. 


The  justification  for  generating  electricity  from  nuclear  power  is  a 
matter  of  economics  and  the  desire  to  conserve  fossil  fuels  for  other 
energy  uses.  The  ratio  of  fuel  cycle  to  total  costs  is  lower  for  nuclear 
than  for  fossil  power  plants.  Thus,  fossil  generated  electricity  is  more 
sensitive  to  fuel  price  increases  than  nuclear.  The  energy  content  of  the 
high  grade  uranium  in  the  U.  S.  is  about  four  times  as  great  as  that  of 
oil,  gas,  and  coal  combined. 


Nuclear  Energy  Industry  Based  on  LHRs  (Enriched  Uranium)  and  HTGRS 

This  action  contemplates  the  growth  of  the  nuclear  energy  industry 
in  terms  of  Light  Water  Reactors  (PWRs  and  BWRs),  fueled  with  enriched 
uranium  (no  plutonium  recycle),  and  the  High  Temperature  Gas  Cooled 
Reactors.  Forecasts  of  nuclear  growth  are  shown  in  Fioure  J.2.2-1. 
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The  time  frame  considered  for  implementing  this  action  (nuclear 
power  from  LWRs  and  HTGRs)  is  the  present  through  mid-term  (1985).  The 
reason  for  selecting  this  time  frame  is  that  there  is  sufficient  informa- 
tion regarding  nuclear  power  growth  without  the  necessity  of  introducing 
large  uncertainties  due  to  extrapolations. 

The  necessary  manpower,  materials  and  costs  requirements  to  achieve 
a 190  GWe  nuclear  energy  industry  by  1980  are  based  on  the  number  of 
reactors  in  operation,  under  construction,  and  ordered  but  in  the  plan- 
ning stage  (Figure  J.2.2-2). 

The  fossil  fuel  savings  obtained  by  generating  electricity  by  nuclear 
means  is  about  30  barrels  of  oil  per  day  per  megawatt  of  power  operation. 

This  means  that  in  1985,  with  190  GVJe  projected,  the  nuclear  industry  will 
account  for  5.7  million  barrels  of  oil  per  day  saved,  or  42  billion  over 
the  30  year  plant  life  (for  0.65  plant  load  factor). 

The  net  effect  of  plant  scheduling  and  the  construction  manpower 
distribution  is  to  shift  the  construction  labor  force  to  1979  with  a 
maximum  of  about  94  thousand  men.  This  labor  force  is  distributed  over 
various  areas  in  the  United  States. 

The  number  of  engineers  required  during  the  construction  period  can 
be  calculated  by  assuming  that  they  constitute  13%  of  the  work  force. 

One  of  the  major  obstacles  to  achieving  the  projected  nuclear  industry 
growth  is  nuclear  plant  delays  and  cancellations.  The  factors  responsible 
for  these  delays  are  1)  equipment  delivery  delays,  2)  equipment  component 
failures,  3)  construction  labor  and  equipment  manufacturer  employees 
strikes,  4)  rescheduling  difficulties  with  associated  facilities,  5)  changes 
in  regulatory  procedures,  6)  prolonged  regulatory  procedures,  7)  legal 
changes  at  federal  and  local  level,  8)  challenges  by  intervenors  at  federal 
and  local  level,  9)  material  shortages,  10)  low  productivity  of  labor, 

11)  weather  conditions,  and  12)  shortages  of  construction  labor. 

According  to  an  Atomic  Industrial  Forum  survey,  conducted  in -December, 
1973,  of  95  power  plants  under  construction  or  awaiting  construction 
permits,  there  were  46  delays  of  47  plants  under  construction,  24  delays 
of  48  plants  awaiting  construction  permits.  The  average  delay  time  for 
all  cases  was  greater  than  two  years. 

The  low  productivity  of  labor  and  associated  declining  placement  rates 
of  materials  during  construction  are  believed  to  stem  from  a combination 
of  factors:  excessive  design  changes,  increased  quality  control,  undesirable 

working  conditions  (congestion  and  activities  of  several  crafts  in  one 
area)-,  and  insufficient  engineering  prior  to  the  start  of  construction. 
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Capital  cost  escalation  is  in^part  responsible  for  some  power  plant 
cancellations.  Costs  have  risen  from  $240/KWe  for  plants  commissioned 
in  1969  to  about  $750  to  $800/KWe  in  1975  for  plants  scheduled  for 
comnletion  in  the  early  1980's  [Budwani-75] . 


Safety  Impacts 

The  overriddinq  counteractions  in  the  nuclear  energy  picture 
are  plant  safety  and  waste  disposal.  AppendixJ  reviews  briefly 
the  Rasmussen  report  [AEC-74-4].  This  report  indicated  present  designs 
have  high  relative  safety.  However,  many  eminent  scientists  and 
engineers  and  others  have  raised  valid  criticisms  of  the  methodology 
and  assumptions.  There  i's  no  consensus  on  nuclear  safety. 

In  connection  v/ith  the  results  of  Draft  WASH-1400,  the  American  Physical 
Society  (APS)  study  group  on  light-water  reactors  safety  [ERMP-75,S5-7] 
concludes  and  makes  the  follov/ing  recommendations: 

That  the  fault-free  methodoloay  can  have  merit  in  assessing 
relative  performance  of  reactor  systems,  and  in  cases  involving 
very  low  probabilities  there  is  no  basis  for  confidence  in  the 
calculated  absolute  values  of  the  probabilities  of  the  various 
branches  in  the  event  tree  analysis. 

For  the  same  conditions  assumed  in  the  analysis,  substantially 
larger  long-term  consequences  can  be  predicted  in  land  damage/ 
denial  and  possible  latent  cancers  in  individuals  who  live  in 
the  areas  which  are  contaminated  below  the  evacuation  threshold. 

The  Nuclear”R^ulatory  Commission  (NRC)  requires  that  physical  security 
plans  for  protection  against  material  theft  and  sabotage  be  submitted  with 
each  application  for  power  plant  operating  license,  and  it  will  not  approve 
an  application  unless  these  plans  are  Judged  to  be  adequate  [BUCHANAN-75], 

Part  73  of  the  Title  10  in  the  Code  of  Federal  Regulations  provides 
for  the  protection  of  special  nuclear  materials  at  facility  sites. 

Increasing  safeguarding  requirements  in  the  nuclear  fuel  cycle  will 
make  it  highly  improbable  that  special  nuclear  material  could  be  diverted. 
However,  in  the  unlikely  event  that  theft  takes  place,  proper  training  and 
special  capability  are  needed  to  handle  plutonium  $afely.  A large  effort" 
at  a great  personal  risk  is  involved. 

Assuming  that  a nuclear  device  could  be  put  together  by  a group  of 
people,  would  it  work?  Methods,  to  accomplish  sabotage  or  terrorist  acts, 
other  than  nuclear,  exist  today  that  can  produce  large  public  impacts  v/lth 
greater  certainty  and  with  lower  levels  of  personal  risks. 
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Safeguards  in  the  nuclear  fuel  cycle  will  add  to  the  cost  of  the 
electricity  generated  by  nuclear  power.  The  investment  is  well -justified 
considering  the  potential  impacts  on  public  health  and  safety  and  national 
security. 


Waste  Heat  Imoacts 


At  the  present  time,  the  electric  pov/er  industry  is  responsible  for 
three  quarters  of  the  national  usage  of  cooling  water  [AEC-73-3].  As  miqht 
be  expected,  fossil  fuel  plants  are  the  major  contributors  to  the  discharge 
of  waste  heat  because  they  are  the  predominant  type  of  pov/er  olant.  However, 
if  there  is  a rapid  orowth  of  the  nuclear  pov>'er  industry,  the  situation  will 
change  and  waste  heat  rejection  will  suffer  an  increase.  This  is  due  to  the 
fact  that  the  nuclear  power  plants  (mostly  current  LWR's)  operate  at  a 
somewhat  lower  thermal  efficiency  (33%)  than  most  modern  fossil  fuel  plants 
of  the  same  capacity  (around  40%  efficiency).  In  addition,  10%  of  the 
heat  from  fossil  fuel  plants  is  discharged  directly  into  the  air  through 
the  stack.  For  the  above  reasons,  nuclear  power  plants  discharge  about  one- 
third  more  waste  heat  to  cooling  water  than  do  modern  fossil  plants  of  the 
same  capacity  [AEC-73-2]. 

Although  advanced  reactor  concepts  (HTGR,  the  breeder)  will  have 
efficiencies  comparable  to  the  most  advanced  fossil  fuel  plants,  their 
eventual  widespread  use  will  not  eliminate  waste  heat  problems.  The  rate 
of  increase  of  electric  generating  plants,  and  thus  the  waste  heat  produced, 
is  so  rapid  that  the  relative  efficiency  of  the  plants  is  not  the  single 
most  important  factor  in  alleviating  the  problem. 

Consult  Appendix  J.2.2  for  data  on  waste  heat  and  climatic  effects. 


Nuclear  Waste  Disposal  Impacts 

Current  NRC  regulations  require  that  commercial  fuel  reprocessors 
convert  all  high-level  radioactive  wastes  to  a stable  solid  material 
within  5 years  after  separation  in  the  fuel  reprocessing  step,  encapsulate 
them  in  stainless  steel  canisters,  and  ship  them  to  a federal  repository 
within  10  years  of  its  production  for  long-term  management  by  NRC-ERDA. 

ERDA  has  a waste  management  program  (funding  for  1976  is  $36  million) 
which  includes  the  site  selection  and  conceptual  design  of  a pilot  plant 
facility  for  disposal  of  radioactive  waste  in  bedded  salt  mines.  Invest- 
igation of  disposal  in  other  geologic  formations  is  also  being  considered 
[AEC-74-1]-  The  overall  objective  of  this  program  is  to  have  facilities 
for  the  permanent  disposal  of  nuclear  waste  demonstrated  and  in  full- 
scale  operation  around  the  mid-1990's 
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In  the  meantime,  NRC  is  moving  ahead  with  a project  .to  construct 
a federal  repository  at  an  undesignated  site  for  retrievable  storage  of 
high-level  waste  from  commercial  fuel  reprocessing  plants.  This  is  re- 
ferred to  as  the  Retrievable  Surface  Storage  Facility  (RSSF).  The  RSSF 
will  safety  store  the  nuclear  wastes  above  ground  and  in  a manner  that 
will  enable  the  waste  to  be  retrieved  for  a more  permanent  disposal. 

The  design  criteria  of  this  facility  is  that  the  nuclear  waste  can  be 
safely  isolated  for  centuries,  if  necessary. 

The  optimal  flexibility  of  near-surface  storage  is  acquired  at  the 
expense  of  extensive  surveillance,  and  could  leave  the  wastes  vulnerable 
to  acts  of  man  such  as  war  and  sabotage. 

Impacts  due  to  nuclear  waste  disposal,  other  than  high  level,  are 
presented  in  great  detail  in  Appendix  C of  [MEGASTAR-74]. 


Economic  Impacts 

There  seems  to  be  no  serious  economic  impacts  in  achieving  the 
nuclear  growth  as  projected  by  actual  commercial  power  plants  ordered 
through,  1985. 

A potential  obstacle  to  the  growth  of  nuclear  power  could  be  the 
capital  cost  escalation.  Presently,  capital  cost  is  about  three  times 
more  than  it  was  around  1969. 

Additional  costs  are  those  related  to  the  security  program  needed 
in  the  fuel  cycle  to  prevent  the  loss  or  diversion  of  special  nuclear 
materials  and  the  decommissioning  of  nuclear  power  plants  after  their 
useful  life. 


10.2.3  IMPROVE  OPERATIONS  OF  PUBLIC  UTILITIES 

Since  the  action  as  stated  is  very  complex,  a basic  distinction  will 
be  made  at  the  outset.  Although  the  two  are  very  strongly  interrelated, 
the  technology  and  economics  of  utility  operations  are  dealt  with  separately. 
Logically,  the  former  is  included  in  the  latter. 

The  electrical  utilities  are  facing  many  challenges  resulting  from 
rising  costs  of  generator  fuel  and  deteriorating  load  factor  (average  load/ 
peak  load.)  The  load  factor  is  particularly  important  because  capital 
requirements  are  driven  by  peak  loads,  whereas  revenues  are  derived  from 
total  load.  This  situation  forces  utilities  to  retain  older,  inefficient 
generators  to  meet  peak  loads,  or  to  acquire  relatively  expensive  new 
peak  generators  (typically  simple  cycle  turbines  inefficiently  burning 
scarce  fossil  fuels)  for  peaking  purposes. 
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Load-shaping  technology  is  concerned  with  the  maximization  of  the 
use  of  the  more  efficient  base-load  generators  by  minimizing  load  peaks 
through  the  applications  of  such  technology  a-s  storage  devices,  power  pools, 
and  ripple  load  controls.  Generally,  there  are  two  basic  methods  for  re- 
shaping of  a utility's  load  curve  through  cooperative  action  with  affected 
customers.  Indirect  methods  involve  creating  customer  inducement  to  shift 
demand  away  from  system  peak,  leaving  to  the  individual  customer  control 
over  the  extent  to  which  his  particular  load  at  system  peak  is  reduced. 
Direct  methods  of  load  management  vest  a smaller  degree  of  load  choice  in 
the  customer,  while  giving  the  utility  direct  control  over  certain  portions 
of  its  load.  While  the  customer  may  retain  some  power  to  decide  his  load, 
once  he  does  place  a load  on  definable  service,  he  relinquishps  immediate 
control  over  the  supply  of  electricity  to  that  load. 


10.2.3.1  THE  TECHNOLOGY 

Two  areas  of  greatest  need  for  advanced  technology  are  storage 
and  transmission. 

Energy  Storage  Systems 

The  basic  dilemma  for  most  electric  utilities  are  marked  daily,  weekly, 
and  seasonal  variations  in  demand  of  electric  power.  Thus,  a utility  must 
generate  power  economically  over  a large  swing  of  the  electric  load.  At 
the  same  time,  its  generating  capacity  must  be  large  enough  to  satisfy  the 
maximum  demand  plus  the  reliability  requirement  of  a sizeable  system  reserve. 

Base  load  plants  are  used  to  serve  the  part  of  the  system  load  that 
continues  for  24  hours  a day  throughout  most  of  the  year.  They  are  designed 
to  operate  with  the  highest  level  of  efficiency  and  reliability  on  the  least 
expensive  fuels.  Base  load  generation  is  now  served  primarily  by  modern 
fossil  steam  plants.  Nuclear  steam  plants  will  serve  an  increasing  fraction 
of  the  base  load. 

The  intermediate  load  range,  which  comprises  the  broad  daily  demand 
peak  of  a typical  utility,  is  served  by  several  different  types  of  genera- 
ting equipment.  This  equipment  typically  comprises  a utility's  older,  less 
efficient  fossil  steam  plants  and  gas  turbines. 

The  peak  load  demand,  which  may  range  from  a few  hours  to  perhaps  ten 
hours  a day,  is  usually  satisfied  by  a system's  oldest  and  least  efficient 
fossil  steam  plants  and  increasingly  by  gas  turbines. 
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Energy  storage  systems  must,  however,  meet  the  utility-type  standards 
for  operating  life,  reliability,  safety  and  environmental  compatibility  of 
generating  equipment.  Moreover,  the  total  annual  cost  of  electric  energy 
obtained  from  energy  storage  systems  must  be  equal  or  less  than  the  cost 
of  energy  from  non-storage  equipment  used  for  peaking. 

If  electrical  energy  could  be  generated  during  times  of  low  demand 
(at  night  for  example)  and  stored  for  use  during  times  of  high  demand,  there 
could  be  the  following  beneficial  results: 

Storage  units  could  effectively  increase  the  capacity  of  the 
power  system  with  energy  generated  in  off-peak  hours. 

Storage  units  could  enhance  the  overall  economics  of  the  power 
plant  by  altering  the  larger  and  more  efficient  steam  base  load 
units  to  account  for  more  of  the  total  power  generated. 

Energy  storage  could  also  reduce  the  requirement  for  increasingly 
expensive  fossil  fuels  used  for  intermediate  power  generators  by 
coupling  storage  with  nuclear  generation. 

Energy  storage  could  form  part  of  the  utility  system's  spinning 
reserve,  if  the  stored  energy  can  be  delivered  at  sufficiently 
high  rates. 

At  present,  the  three  most  attractive  options  appear  to  be  batteries, 
underground  pumped  hydro,  and  compressed  air  storage.  Batteries  have  the 
edge  because  of  transmission  and  distribution  credit  potential  derived 
from  dispersing  them  throughout  the  system.  Thus,  concentration  of  research 
and  development  efforts  on  these  three  types  of  storage  is  recommended. 

Advanced  Transmission  Systems 

The  electrical  industry  is  faced  with  a need  for  dramatically  larger 
generators  to  optimize  the  utilization  of  larger  new  power  sources  such  as  the 
gigawatt-capacity  fast  breeder  reactor.  For  the  first  time  in  the  evolution 
of  power  generators,  superconductivity  is  available  to  the  electric  machine 
designer,  .According  to  [Flynn-73],  the  technological  leadership  in  super- 
conductivity machinery  in  the  U.  S.  could  help  reduce  generator  imports  by 
up  to  50%.  The  technology  can  be  exported  profitably  by  U.  S,  companies 
through  licenses  and  joint  ventures.  On  the  other  hand,  the  availability 
of  less  costly  and  more  efficient  means  for  underground  transmission  of 
large  blocks  of  power  may  be  a significant  factor  in  determining  the  ability 
of  electric  power  industry  to  meet  future  demand.  The  present  technology  ‘ 
of  underground  power  transmission  has  much  to  be  desired  when  one  looks 
ahead  to  the  anticipated  requirements.  Underground  superconducting  power 
transmission  lines  appear  to  be  an  attractive  alternative  to  present 
technology.  [Meyerhof f-73] 
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10.2.3.2  THE  ECONOMICS 

Electric  utilities,  whether  privately  or  publicly  owned,  are  regulated 
monopolies  in  the  power  industry.  Much  of  the  rate  regulation  comes  from 
state  and  public  utilities  commissions.  The  Federal  Power  Commission 
establishes  accounting  practices  while  the  Securities  and  Exchange  Commission 
regulated  equity  and  bond  issues.  Several  other  agencies  are  involved  with 
siting  plants,  rights-of-V'.ay,  environmental  standards  and  many  other  areas. 

As  noted  in  Chapter  1,  each  of  these  regulations  enters  into  the  profit  cal- 
culation of  the  utility.  The  revenues  come  from  the  sale  of  electricity. 

The  costs  involved  are  largely  plant  construction  and  heavy  machinery,  but 
include  operation  and  maintenance  costs.  The  latter  do  not  vary  significantly 
with  output.  Some  of  the  money  for  fixed  investment  conies  from  internal 
savings  and  some  from  the  money  markets.  Taxes  are  paid  on  the  difference 
between  revenue  and  income.  Table  J. 2. 3. 2-4  gives  an  example  of  an  income 
statement  of  the  Alabama  Power  Company  for  1973  [APCSR-74].  This  focuses 
the  preceding  discussion,  and  provides  an  anchor  for  the  discussion  of  sub- 
actions. The  subactions  discussed  In  this  chapter  are  essentially  a 
combination  of  those  suggested  in  Project  Independence. [PI-74],  the  National 
Power  Survey  [FPC-FO-74]  and  various  other  sources.  They  are  by  no  means 
original  to  this  study,  but  they  remain  important  areas  for  policy  changes. 


The  Rate  Structure 

The  most  obvious  action  that  can  be  taken  by  any  public  service  commis- 
sion. is  to  allow  an  increase  in  electricity  prices.  This  has  an  immediate 
effect  on  the  revenue  of  the  utility.  Many  utilities  have  been  allowed 
rate  increases  over  the  past  several  months.  In^  fact,  automatic  fuel 
adjustment  has  become  part  of  many  rate  calculations. 

The  pricing-of  outputs  of  electric  utilities  has  been  a problem  facing 
society  for  several  decades.  In  this  industry  with  extremely  large  fixed 
costs  relative  to  operating  costs,  the  economies  of  scale  cause  the  per  kWh 
(average)  cost  to  decrease  as  output  increases.  The  cost. (marginal ) of 
producing  each  additional  kWh  decreases  faster  than  the  average.  It  would 
be  most  desirable  for  the  price  of  a kWh  to  be  set  according  to  the 
amount  it  costs  the  utility  to  produce  that  kW.  This  assumes  that  the 
reward  to  management  activity  (normal  nrofit)  is  included  as  a cost  to  the 
firm. 


One  problem  v;ith  pricing  electricity  according  to  marginal  costs  is 
that  since  these  are  always  below  unit  costs,  total  costs  will  exceed 
revenues  and  profits  will  be  negative.  Another  problem  is  that  if  the 
rule  of  setting 'price  eouaT  to  marginal  costs  is  not  followed,  the  attempt 
will  always  'be  made  by  the  firm  to  increase  output  until  size  problems 
become  unmanageable. 
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There  is  ample  justification,  then,  for  concern  about  utility  rates. 

Some  suggested  pricing  plans  are  to  price  at  marginal  cost  and  make  up  the 
difference  from  state  and  local  tax  revenues,  price  at  average  cost  to 
break  even,  or  charge  a fixed  fee  to  use  the  service  and  price  the  output 
at  or  near  marginal  cost.  The  latter  is  currently  used  in  many  of  the 
utilities  today. 

A second  important  area  relating  to  rate  structure  is  the  peak 
versus  non-peak  usage  of  electricity. 

Figures  10.2.3.2-1,  10.2.3.2-2,  and  10.2.3.2-3  show  the  representative 
daily,  weekly  and  yearly  peak  loads  for  a metropolitan  utility.  As  mentioned 
above,  the  utility  must  maintain  the  capital  equipment  to  deal  with  the 
peak  demand.  Older  and  more  inefficient  equipment  is  used  to  achieve 
the  peak,  caus.1ng  costs  to  rise.  Depending  on  the  size  of  the  peak  to  trough 
gap,  other  equipment  must  also  lie  idle.  Idleness  is  a property  of  plants 
under  construction.  The  construction  of  the  hardware  usually  takes  about 
four  years,  while  the  legal  and  environmental  processes  last  for  an  indefinite 
period,  especially  for  nuclear  plants. 

The  daily  load  profile  shows  that  the  seasonal  factor  also  enters 
the  picture.  The  weekly  picture  shows  that  the  difference  between  the  day 
and  night  periods  is  roughly  2.B  Gigawatts.  With  an  average  load  factor  of 
61%  [Rybeck-75],  the  utilities  need  to  increase  the  load  for  which  there  is 
a constant  demand  over  time.  This  comes  in  large  part  from  the  big  users, 
and  is  shown  as  base  load  in  Figure  10.2.3.2-3.  Demand  above  base  load  for  the 
two  utilities  occupies  a relatively  small  percent  of  time.  This  is  detrimental 
due  to  the  capital  requirements  mentioned  above.  Base  load  users  are  given 
preferential  rates  because  of  their  large  reliable  purchases.  This  is  the 
third  area  of  importance  in  the  rate  structure. 


In  many  places  of  the  world  and  in  the  domestic  telephone  utilities, 
the  customers  are  charged  different  prices  for  peak  and  non-^oeak  uses. 

This  increases  the  revenue  of  the  utility  from  per-unit  peak  sales,  but 
also  is  intended  to  discourage  peak  use  and  encourage  u§e  during  off-peak 
hours.  In  Figure  10.2.3.2-2,  this  would  be  seen  as  flattening  the  tops 
and  raising  the  valleys. 

Electric  utilities  have  be'en  asking  for  action  by  government  related 
to  their  rate  structures.  They  have  generally  been  granted  rate  increases, 
even  to  the  extent  of  having  automatic  "fuel  adjustments"  to  customer 
utility  bills.  Higher  prices  are  expected  to  decrease  demand.  The  degree 
to  which  this  occurs  depends  on  the  price  elasticity  (cf.  Section  1.2.1 
Chaoter  1)  of  electricity.  The  latter  has  been  estimated  to  be  around  1 
rHouthakker-74j.  This  means,  for  example,  that  if  rates  go  up  by  2(1%, 
electricity  purchased  will  go  down  by  that  amount.  The  important  thing 
is  not  that  demand  go  down  per  se,  but  that  it  go  down  selectively. 
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Peak  electricity  pricing  has  not  been  instituted  in  the  U.  S.  at  the 
time  of  this  writing.  Its  prospects  are  uncertain.  Project  Independence 
[PI-74]  estimated  that  the  savings  resulting  from  a 10%  reduction  in  peak 
load  via  pricing  and/or  the  metering,  transmission  and  storage  techniques 
mentioned  above,  would  be  approximately  2.6  quads  by  1985. 

There  is  currently  a oopular  movement  to  remove  price  discrimination 
by  electric  utilities.  At  the  present  time,  small  users  are  charged 
higher  prices  than  large  users.  This  is  said  to  encourage  increased  use 
of  electricity,  contrary  to  conservation  by  reduced  use.  Utilities  aooear 
to  obtain  more  revenue  from  this  type  of  discrimination  since  one  class  of 
users  cannot  buy  cheaply  and  sell  to  the  other.  The  buyers'  demands  are,  of 
course,  different.  Utilities  basically  want  to  revard  large  users  for 
providing  base  load  demand  by  charging  lower  rates.  An  inversion 
rate  structure  will  most  likely  make  the  utilities  position  worse,  given 
that  they  must  reward  their  investors.  The  people's  position  may  also 
be  made  worse  by  a move  which  ostensibly  seems  to  help  them. 


Regulatory  Reform 

Along  with  rate  modification  to  help  in  peak-shaving,  the  Technical 
Advisory  Committee  on  Finance  of  the  National  Power  Survey  [FPC-FO-74] 
recommends  a strong  movement  to  implement  precise  cost  control  by  utility 
managers,  an  education  program  to  make  the  nuhlic  aware  of  utility  oroblems, 
and  regulatory  reform.  The  latter  would  entail 

Streamlining  accounting  practices  (FPC)  to  maximize  internal 
cash  generation 

Stimulate  and  reward  overall  savings  and  investment  (Federal 
Reserve- Board) 

Re-evaluate  environmental  goals 

Continue  utility  joint-ownership  and  financing 

The  first  action  includes  the  retention  of  several  accounting  orac- 
tices  (e.g.,  investment  tax  credits  and  accelerated  depreciation)  that 
have  benefitted  utilities  in  the  past.  New  suggestions  are  to  increase  the 
Investment  tax  credit,  extend  the  use  of  favorable  depreciation  rules, 
include  plants  under  construction  as  a current  expense  in  rate  base 
determination,  normalization  ("...spreading  tax  benefits  related  to  plant 
investment  over  the. useful  life  of  the  plant..."  [FPC-FO-74]),  tax 
deferrals,  and  price-level  indexing  policies. 
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• The  second  action  basically  would  be  implemented  through  manipulation 
of  interest  rate.  It  would  not  be  expected  to  have  much  success  during 
the  current  inflation. 

The  strong  impetus  to  redeem  the  U.  S.  ecological  system  has  led  to 
many  restrictions  on  power  plant  siting  and  operation.  The  third  action 
suggests  that  a more  careful  calculation  of  the  costs  and  benefits  of 
the  environmental  standards  be  undertaken.  This  will  be  particularly 
important  if  coal  and  nuclear  power  are  used  more  extensively.  Current 
emission-control  technology  is  very  expensive  and  costs  increase  rapidly  as 
the  percent  removal  removal  requirement  approaches  100.  If  standards  are 
lowered,  utility  profitability  will  be  enhanced. 

The  last  action  relates  to  the  benefits  of  pooling  financial  resources, 
and  may  have  an  important  role  in  establishing  increased  interregional 
transmission  of  power. 


Combined  Effects 

As  noted  above,  rate  structure  and  regulatory  changes  affect  profits 
in  analogous  ways.  Under  the  present  private  enterprise  system  (80^  of 
utilities  are  investor  owned),  profits  must  be  large  enough  to  reward 
investors  and  contribute  to  future  construction  plans.  Table  D.2.2-5 
shows  that  during  the  most  recent  period  of  growth  of  electricity,  the 
percentage  of  construction  funding  generated  internally  has  decreased 
significantly.  This  causes  utilities  to  go  to  the  financial  markets 
and  pay  higher  prices  for  the  money  needed.  This,  then,  has  further 
depressing  effects  on  profits. 


10.3  ACTIONS  IN  OTHER  SECTORS 

A strategy  as  broad  as  electrification  involves  significant  inter- 
action among  the  sectors.  In  this  section,  the  most  imoortant  actions 
in  industry,  transportation,  and  residential /commercial  sectors  will  be 
considered. 


10.3.1  INDUSTRY 

The  justification  of  electrification  within  industry  is  primarily  a 
matter  of  shifting  from  direct  energy  fuel  use.  There  are  process  areas 
vjhich  can  make  changes  that  decrease  energy  use,  such  as  furnace  tech- 
nology in  the  steel  refining  industry. 

The  requirements  for  a shift  to  electric  furnaces  in  the  steel  indus- 
try are  economic  growth,  available  capital,  integrated  process,  large 
scale  electric  generation  and  reliable  supplies  of  scrap  steel.  Economic 
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growth  and  available  capital  are  general  concerns  with  any  major  shift 
in  technology.  There  is  always  cautious  optimism,  within  a given  industrial 
sector.  The  integrated  process  is  necessary  to  make  energy  savings  and 
requires  major  process  changes  prior  to  the  point  of  using  the  electric 
furnace.  The  requirement  of  large  scale  electric  generation  is  necessary 
to  insure  a reliable  supply  of  electricity  over  the  lifetime  of  the 
process  equipment.  A reliable  supply  of  scrap  steel  is  the  critical 
issue  to  make  the  shift  an  energy  saver.  Scrap  steel  is  introduced  to 
eliminate  a sizable  portion  of  prior  energy  consumption., 

The  time  frame  for  the  shifting  action  is  effectively  10  years.  A 
major  shift  from  the  open  hearth  to  basic  oxygen  furnaces  was  accomplished 
over  10  years  with  the' effect  of  reduced  energy  consumption  for  the  steel 
industry. 

The  potential  impacts  of  the  shift  to  electric  furnaces  are  integration 
and  increased  flexibility  of  steel  refining.  The  integration  would 
give  steel  manufacturing  increased  flexibility  and  provides  a technical 
means  for  the  production  of  alloy  steels. 

•Among  the  major  obstacles  is  the  reliability  of  iron  scrap  recycling. 

It  is  difficult  to  provide  an  effective  removal  of  discarded  products  from 
the  waste  stream  without  large  social,  political  and  economic  impacts.  The 
most  general  obstacle  is  economics  since  there  is  a trend  tov/ard 
business-as-usual  rather  than  making  major  shifts  in  technology. 

The  concept  of  cogeneration  as  a possible  eneray  conservation 
action  has  been  discussed  in  Section  E.5.2.  Although  this  action  offers 
considerable  savings  due  to  the  increased  efficiency  of  the  process 
which  utilizes  the  steam  produced  during  electrical  neneration,  many  obsta- 
cles to  its  implementation  exist.  Some  of  the  most  obvious  barriers  to 
implementation  have  been  discussed  in  Sections  E.5.2  and  E.5.6.  A great 
deal  of  cooperation  between  utilities  and  industry  would  be  required  in 
order  for  the  concept  to  be  viable.  However,  if  the  additional  capacity 
needed  by  utilities  could  be  provided  by  retrofitting  industries  capable 
of  cogeneration,  perhaps  a reduction  in  caoital  expenditure  as  v/eTl  as 
a reduction  in  energy  consumption  could  be  obtained. 

The  industrial  sector  is  the  largest  user  of  electrical  energy, 
accounting  for  70  percent  of  consumption  in  1972.  The  wide  range  of 
power  uses,  couoled  with  the  relatively  large  blocks  of  power  used  by 
industrial  customers,  suggests  many  possible  load  management  techhiciues. 
Three  aspects  of  load  leveling  exist: 

Interruptible  power 

Permanent  shifting  of  loads  to  off-peak  so  that  times  of 
peak  power  use  do  not  coincide  with  utility's  peak  demand 

Peak  self-generation  and  storage  of  energy  during  off-peak  periods 
for  use  in  peak  periods. 
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It  is  obvious  that  the  extent  to  which  these  techniques  {or  some 
combination,)  are  applicable  to  a specific  industry  must  be  determined  by 
some  in-depth- analysis. 

In  general,  industry  is  reluctant  to  accept  anything  but  a defined 
frequency  and  guaranteed  very  limited  duration  of  interruption.  It 
is  known  that  smelting  is  the  most  energy  intensive  process  — the  pro- 
duction of  aluminum.  Although  current  practice  is  to  operate  con- 
tinuously, there  is  a good  possibility  for  shutting  down  for  up  to  a 
maximum  of  four  hours  daily  during  on-peak  hours.  The  price  would  include 
the  installation  of  additional  cells  and  the  hiring  of  operating  personnel 
to  maintain  daily  production  levels.  It  may  not  be  necessary  or  desirable 
from  a load  management  point  of  view  to  consider  interruptions  of  power 
each  day  throughout  the  year.  For  interruotion  only  during  utility 
seasonal  peak  demands,  a better  measure  of  the  cost  to  the  industrial 
customers  might  be  the  total  value  of  output. 

There  is  also  little  success  in  getting  industry  to  shift  its 
pattern  of  electricity  consumption  (to  three  shifts  if  less  are  used; 
to  weekends;  to  daily  off-peak  periods.)  This  is  ascribed  to  the  fact 
that  the  savings  in  rates  would  not  justify  the  cost  of  additional 
investment  and/or  labor  costs.  For  many  industries,  electric  energy 
constitutes  ‘only  a small  fraction  of  total  energy  use  and  total 
expenses.  Rate  differentials  would  have  to  be  very  significant  before 
industry  changes  its  pattern  of  consumption.  However,  there  appears  to 
be  a potential  for  a significant  shift  to  off-peak  electric  energy  for 
iron  melting  in  foundries,  electric  steel  making,  glass  melting,  and 
crushing  and  grinding  in  industries  such  as  cement. 

Energy  storage  through  pressurized  air  represents  a viable  load 
management  technique  for  industry.  Load  management  can  be  accommodated 
with  the  addition  of  a receiver  which  would  provide  sufficient  storage 
during  peak  demand  periods. 

One  should  not  forget  the  societal  effects  of  restructuring  the 
working  hours  in  case  of  added  labor  for  new  shifts.  A common  deterrent 
to  second  and  third  shift  operations  in  industry  is  the  inability  to 
attract  qualified  workers.  In  addition,  schedules  may  have  to  be  flex- 
ible as  utility  system  demand  patterns  change  due  to  either  increased 
electricity  use  or  the  adoption  of  load  deferral  techniques  by  other  users. 

in. 3. 2 TRANSPORTATION 

Many  important  areas  of  impact  are  found  in  the  transportation  sector. 
These  include  fixed-rail  systems,  battery-operated  systems  and  alternate 
fuels  made  from  electricity.  Since  these  alterations  of  end  use  rely 
on  complete  systems  redesign  and  considerable  as  yet  undeveloped  tech- 
nology, they  will  be  discussed  in  Appendix  J. 
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10.3.3  ELECTRIFICATION  OF  RESIDENTIAL  AMD  COMMERCIAL  HEATING,  VENTILATING, 
AND  AIR  CONDITIONING  SYSTEMS. 

The  principle  change  here  is  the  adoption  of  heat  pumps  and  limited 
thermal  storage. 


10.4  CONSERVATION  FEEDBACK  AND  IMPACTS 

The  question  has  been  pending  whether  or  not  electrification  implies 
conservation.  This- can  be  answered  with  reference  to  the  three  modes  of 
conservation. 

If  electrification  is  built  largely  on  coal  and  nuclear  fuels, 
then  it  will  achieve  conservation  through  substitution  for 
domestically  scarce  fuels. 

Given  the  60-70%  energy  conversion  losses  of  power  plants,  the 
use' of  efficient  electric  devices  such  as  the  electric  furnace, 
electric  car  and  electric  heat  pump  can  partially  make  up  for  them. 

If  coal  and  uranium  are  in  high  demand  due  to  the  scarcity  of 
other  fuels  and  rigidities  in  production  and  conversion,  then  the 
price  of  electricity  most  likely  will  increase  relatively  more 
than  other  prices.  This  will  cause  a reduction  in  the  con- 
sumption of  electricity. 

The  manor  area  of  conservation  aooears  to  be  that  of  substitution  for 
oil  (esoeciallv  imported  oil)  and  gas.  Power  plant  conversion  efficiencies 
apparently  cannot  be  easily  improved  in  both  the  technological  and  economic 
senses.  The  average  coal  and  nuclear  olants  are  respectively  about  4n% 
and  33%  efficient.  The  rest  of  the  energy  is  essentiallv  lost  in  the  present 
system,  "’‘he  degree  to  which  these  losses  are  made  ud  bv  electric  devices 
depends,  of  course,  on  how  technically  efficient  they  can  become  and 
how  widespread  their  use.  Conservation  by  curtailed  end-use  may  be  motivated 
by  higher  electricity  orices,  but  will  depend  on  a myriad  of  other  forces. 
Although  the  latter  are  discussed  in  several  other  places  throughout  this 
report,  no'  assumptions  about  them  will  be  made  here. 

The  major  impacts  of  electrification  in  the  energy  industry  itself  are 
well-known.  Among  them  are: 

Topographical  disruption  will  result  from  strip  mining  and  deep  mininc 

Labor  will  shift  to  coal  and  uranium  regions  and  to  electric 
industry-related  occupations. 


The  transportation  of  fuels  will  be  accomplished  to  a greater 
extent  by  improved  railroad  systems. 
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Electrification  will  mean  a proliferation  of  power  plants.  Some 
effects  associated  with  these  are: 

Pressure  on  money  markets  if  the  capital-intensive  public 
utilities  are  not  able  to  obtain  internal  financing. 

Siting  problems  caused  by  waste  heat  and  other  discharges  into 
the  surrounding  air  and  water. 

Increased  rights-of-way  needed  by  transmission  lines  causing 
esthetic  problems. 

Power  plant  proliferation  implies  a movement  to  central  station  con- 
version from  direct  fuel  use.  This  will  concentrate  environment  discharges s 
allegedly  away  from  population  areas.  The  climatological  effects  of 
concentrated  emissions  are  becoming  significant  as  the  size  and  number  of 
these  plants  increase.  This  is  of  special  importance  since  there  are  now 
advocates  of  clustering  several  plants  in  certain  geographical  areas. 

The  major  capital  problem  of  the  electric  utilities  is  apparently  the 
peak  load  problem.  Utilities  must  maintain  the  capacity  to  supply  its 
consumers  needs  during  heavy  use  periods.  As  noted  above,  they  generally 
use  older  and  less  efficient  equipment  to  cover  the  peak.  Also,  other 
equipment  is  left  idle  if  the  trough  is  deep.  This  is  very  expensive  for 
the  utilities.  They  are  trying  to  encourage  off-peak  use  as  well  as 
increase  their  base  load.  Some  of  the  actions  mentioned  above  are  important 
for  peak  leveling.  These  are  the  use  of  storage,  peak  metering  and  peak 
pri ci ng . 

There  are  particular  problems  associated  with  the  nuclear  industry. 

A potential  obstacle  to  the  grov/th  of  nuclear  power  could,  be  the  capital  cost 
escalation.  This  has  been,  in  part,  responsible  for  some  power  plant 
concellations.  Costs  have  risen  from  $240/kWe  for  plants  commissioned 
in  1969  to  about  $750  to  $800/kWe  in  1975  for  plants  scheduled  for  completion 
in  the  early  1980's. 

Additional  costs,  which  at  the  present  are  not  factored  into  the 
price  of  electricity,  are  those  related  to  the  security  program  to 
prevent  diversion  of  special  nuclear  materials  and  the  decommissioning 
of  nuclear  power  plants. 

Nuclear  waste  management  is  an  area  of  great  concern.  At  the  present 
time,  there  does  not  exist  a permanent  type  waste  disposal  method  for  high- 
level  radioactive  wastes.  Long  storage  of  high-level  waste  is  under  research 
and  development  and  an  acceptable  disposal  method  is  not  to  be  available 
before  1995. 
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A reactor  safety  study.  Draft  WASH-1400  fAEC-74-4],  made  a realistic 
estimate  of  tbe  risks  from  Dotential  reactor  accidents  and  compared  them, 
with  non-nuclear  risks  to  which  our  present  society  is  exposed.  The  results 
clearly  indicate  that  non-nuclear  events,  such'as  fires  and  air  crashes, 
are  about  10,000  times  more  likely  to  produce  large  accidents  than  nuclear 
plants.  Also,  nuclear  plants  are  about  100  to  1000  times  less  likely  to 
cause  comparable  large  dollar  value  accidents  than  other  sources.  The 
study  also  concludes  that  the  number  of  injuries  from  a reactor  accident 
are  insignificant  compared  to  the  8 million  injuries  caused  annually  by 
other  accidents. 

The  potential  of  plutonium  as  weapons-qrade  material  and  as  a high 
radio-toxic  biological  poison  presents  a dangerous  situation  to  national 
security  and  public  safety.  Increasing  safeguarding  requirements  in  the 
nuclear  fuel  cycle  will  make  it  highly  improbable  that  special  nuclear 
material  could  be  diverted.  However,  in  the  unlikely  event  that  theft 
takes  place,  proper  training  and  special  capability  are  needed  to  handle 
Plutonium.  A large  effort  at  a great  personal  risk  is  involved. 

Nuclear  power  plants  discharge  about  one-third  more  v;aste  heat  to  the 
cooling  water  than  do  modern  fossil  plants  of  the  same  capacity.  Heat 
releases  from  large  power  plants  are  comparable  with  the  heat  discharges 
from  other  events  that  have  caused  perturbations  and  climate  changes  of 
appreciable  magnitude. 

The  factors  involved  in  an  analysis  of  the  effects  of  thermal  loading 
of  a particular  aquatic  s.ystem  are  very  complex,  and  no  single  index  {such 
as  a change  in  fish  catch)  can  provide  an  adequate  testimony  to  the  effects 
of  a particular  installation. 

Based  on.  DOT  accident  statistics,  we  can  calculate  how  many  accidents 
involving  nuclear  shipments  might  be  expected  each  year.  Assuming  IOC', Don 
truck-miles  per  year  of  transportation  for  each  nuclear  power  plant  and 
with  I'm  such  plants  by  1985,  one  can  expect  about  10  accidents  per  vear.. 
Those  accidents  will  produce  24  injuries  and  about  3 deaths  per  year.  In 
the  case  of  rail  shipments,  assuming  15,000  railcar  miles  per  year  per 
reactor,  there  might  be  about  5 accidents  with  11  injuries  and' 11  deaths 
per  vear.  These  deaths  and  injuries  would  not  be  related  to  the  nuclear 
nature  of  the.  shipment. 

The  vast  majority  of  accidents  involving  nuclear  shipments  will  result 
in  no  release  of  nuclear  materials,  or  injury  or  death  due  to  radiation. 

In  the  Price  Anderson  Act  there  are  no  provisions  for  damages  produced 
by  misuse  of  nuclear  materials  at  locations  other  than  nuclear  plants  and 
planned  transportation  routes.  ’ 
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Except  for  the  peak  problem,  these  impacts  are  common  knowledge  to 
most  Americans.  Each  action,  however,  entails  secondary  and  higher-order 
impacts.  Figure  1.2. 3-1  in  Chapter  1 can  be  used  as  a guide  to  trace  these 
through  the  system.  The  time  and  resources  of  this  study  presented  a 
constraint  on  how' well  these  ripple  effects  could  be  analyzed.  Some  of  the 
more  important  of  these  are  mentioned: 

Energy  Industry  --  Industry  Interface.  The  electric  furnace 
can  be  utilized  more  extensively.  Cogeneration  of  process  heat 
and  electricity  may  occur.  Industry  must  produce  the 
electrical  equipment  for  other  sectors. 

Energy  Industry  — Transportation  Interface.  Electric  vehicles 
and  rail  systems  may  present  night- recharging  load  for  utilities. 
Alternate  fuels  may  be  generated  at  power  plants. 

Energy  Industry  — Residential/Commercial  Interface.  Electric 
heat  pumps,  ranges  arid  water  heaters  will  increase  electric  load 
demand,  some  of  which  may  occur  at  peak  periods.  People  must 
adapt  to  mass  transit  and  other  sources  of  life-style  changes. 

Conservation  in  general  will  most  likely  have  ambivalent  effects  on 
the  energy  industry.  Through  increased  efficiency,  substitutions  for 
scarce  resources  and  curtailed  use  in  the  energy  system,  the  total  energy 
used  will  probably  go  down.  Substitution  of  fuels,  however,  does  not 
necessarily  imply  this. 

The  effect  of  conservation  on  public  utilities  has  been  estimated 
in  [Rybeck-75]  for  1980.  As  shown  in  Table  10.4-1,  conservation  appears 
detrimental  in  almost  every  area.  Selected  reduced  use,  i.e.,  in  peak 
periods ,■  wil 1 be  the  greatest  boon  to  the  electric  industry. 

More  studies  must  be  done  on  the  net  energetics  of  electrification. 

This  was  attempted  in  Section  C.3  of  Appendix  C.  In  terms  of  the  criterion 
of  decreased  dependence  on  OPEC,  electrification  does  well.  It  remains 
to  be  determined  how  well  it  meets  the  criteria  represented  by  the  will 
of  the  majority  in  the  U.  S.  today. 

The  conclusion  of  the  group  is  that  electrification  can  be  a conservation 
strategy.  It  has  both  positive  and  negative  impacts,  and  the  relative 
weights  must  be  determined.  It  most  likely  will  be  a large  part  of  the 
U.  S.  energy  future,  even  by  1985. 


10.5  RECOMMENDATION 

The  following  list  summarizes  the  major  recommendations  that  relate 
to  the  study  of  electrification.  Probably  the  most  important  ones  belong 
to  the  improvement  of  the  load-factor  {which  is  the  backbone  of  the  utili- 
ties) and  to  the  rate  structure (see  Figure  10.4-1). 
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TABLE  10.4-1.  COMPOSITE  PROJECTED  TO  1980 
(7  PERCENT  INFLATION  IN  LABOR  AND  MATERIALS  AND 
9 PERCENT  COSTS  OF  Aa  BONDS)  [Rybeci<-75] 


Management  Philosophy 

l/i/75 

. 

1/1/80 

Historical 

Conservation  Managed 

Growth 

Strategy 

Growth 

h Win  gj-owUi  rate 

7% 

2% 

10% 

I'ofik  load  growth 

8% 

4% 

8% 

J.o;ttl  factor 

61% 

55%. 

67% 

I'la  r-nings/  share 

$ Z.  38 

$ 1.68 

$ 2.83 

Common  stock  prices 

$19.00 

$15. 31 

$26.  92 

Bond'  rating 

Aa  ■ 

Baa 

Aaa 

^/kWh 

2. 

2.  85^ 

2.81^ 

Rate  Increase 

3.7% 

3.  7% 

Capitnl  Requirements 

Total  {millions  $) 

64,  500 

134, 400 

Internal  (millions  $) 

.31, 400 

38, 700 

Exterjiai  (millions.  $) 

33,  100 

95,700 

Utility  Long-Term  Financing  as 
a Percent  of  Tolal  Capital  Avail.  11% 

4.  4% 

12.8% 

ORIGINAIl  PAGSia 
OP  POOR  iQUAIOT 


Create  a more  stable  base  for  future  coal,  nuclear  and  hydro 
generated  electrificatton  of  the  economy,  as  an  alternative  to  the 
direct  combustion  of  scarce  fossil  fuels. 

Increase  efficiency  such  that  by  1985  the  annual  growth  rates 
of  electricity  usage  (kWh)  and  peak  demand  (KW)  should  be  cut  from 
their  historical  seven  percent  to  no  more  than  five  percent  and 
four  percent  respectively. 

By  1985  the  average  load  factor  should  be  improved  from  the 
present  62  percent  to  about  69  percent. 

Expand  transmission  system  interconnections  (power  pools)  to 
improve -efficiency,  reduce  the  requirement  for  inefficient  peak- 
load generators  and  to  maximize  the  use  of  installed  capacity. 

Provide  conservation  merit  awards  and  widespread  publicity 
for  those  utilities  which  have  taken  positive  actions  to  reduce 
inefficiencies  in  the  generation,  distribution,  and  end  use  of 
electricity. 

Perform  an  analysis  of  the  potential  for  improving  efficiencies 
of  installed  electric  power  generators,  as  well  as  improving  state- 
of-the-art  conversion  efficiencies  of  new  plants. 

Encourage  mixed  heating  systems  where  the  relative  proportions 
of  storage  and  direct  heating  are  set  to  minimize  capital  plus 
operating  costs,  and  to  avoid  the  uneconomical  design  of  a heat 
.pump  to  supply  peak  heating  demand  on  the  coldest  days  of  the  year. 

Adopt  an  off-peak  tariff  for  storage  heating  on  a separate  circuit 
with  separate  metering. 

f 

Develop  methods  and  equipment  which  would  permit  work  on 
energized  overhead  and  underground  conductors  to  be  performed 
rapidly  with  maximum  safety  to  workmen. 

Initiate  programs  to  improve  communications  and  interchange 
of  personnel  between  thea:ademic  community  and  the  electrical 
utility  industry. 

Perform  extensive  studies  to  determine  relationship  between 
energy  price  and  the  amount  of  energy  used  (elasticity  studies.) 
Studies  should  include:  elasticity  by  class  of  service,  and  by 

states  or  appropriate  regions  of  the  nation. 

Develop  detailed  information  on  the  cost  of  service  by  customer 
class  and  by  time  of  day  (for  example:  on  or  off  peak.) 

Study  the  roles  of  the  tax  and  regulatory  systems  in  perpetuating 
or  changing  demand  patterns  by  means  of  depreciation  policies, 
depletion  allowances,  tax  subsidies,  zoning  regulations,  and 
building  codes. 
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Establish  comprehensive  research  program  directed  toward  the 
development  of  understanding  of  the  determinants  of  energy  demand. 
This  will  shed  the  light  on  the  factors  which  determine  economic 
elasticities  of  demand,  and  also  illuminate  the  relationship 
between  energy  use  and  standard  of  living. 

Support  demonstration  projects  for  cryoresi stive  80“  K systems. 

Establish  applied  research  on  properties  of  cryogenic  materials 
(dielectrics;  superconductors  to  operate  above  12°  K). 

Required  engineering  development  of:  improved  cryogenic  insulation 

reliable  Installation  techniques;  efficient,  more  reliable  and 
less  expensive  cryogenic  refrigeration. 

Establish  demonstration  projects  of  AC  & DC  superconducting 
systems . 

Explore  development  of  cryogenic  terminal  equipment. 

Use  of  hybrid  systems  such  as  maraging  steel  flyv/heels  for 
regenerative  energy  storage.  This  would  save  losses  during 
braking  downhill  and/or  to  a stop.  More  important,  it  would 
help  provide  the  added  power  needed  for  acceleration  and  going 
up  grade.  This  means  a smaller  size  requirement  and  also  lower 
peak  demand  — a vital  factor  concerning  rates  from  the  electric 
utility. 

To  capitalize  on  electrification,  the  railroads  could 
own  and-operate  electric  trucks  and  material -handlinq 
equipment  at  each  terminal.  In  this  fashion,  they  could  move 
the  goods  to  the  customers'  doors  and  thus  capture 
freight  business  now  handled  by  trucking  firms. 

In  the  passenger  realm,  promote  use  of  the  auto  train.  In  this 
manner,  the  passenger's  automobile  (perhaps  electric)  would  go 
along  with  him.  He  would  not  refrain  from  riding  the  train 
simply  because  he  needed  his  car  at  his  destination. 

As  an  alternate  and/or  supplement  to  the  above,  the  railroads 
could  doubtless  attract  more  passengers  if  they  could  provide 
a low-priced  auto  rental  (probably  electric)  at  each  terminal. 
Again,  the  passenger  would  have  the  advantage  of  flexible  automo- 
tive transportation  at  his  destination  without  the  expense  and 
fatigue  of  the  long  driving  trip  on  the  highway.  Furthermore, 
this  would  overcome  the  disadvantage  of  the  short  cruising 
radius  of  the  electric  automobile.  It  may  prove  less  risky 
for  the  railroad  to  rent  battery  powered  vehicles  than  those 
fueled  by  gasoline. 


CHAPTER  II.  DIVERSIFICATION  OF  ENERGY  SOURCES  //7 


This  chapter  introduces  the  concept  of  energy  source  diversificcition 
as  a substitutional  conservation  action.  The  current  status  and  philosophy 
behind  a diversification  program  is  presented  in  the  context  of  a national 
energy  policy.  Advantages,  disadvantages  (constraints),  and  methods  of 
implementation  for  diversification  are  discussed.  The  energy  source 
systems  for  diversification  are  listed  and  an  example  impact  assessment  is 
outlined  which  deals  with  the  water  requirements  of  the  specific  energy 
systems.  Further  details  of  the  diversification  study  are  given  in 
Appendix  K. 

11.1  DEFINITION  AND  BACKGROUND 


11.1.1  DEFINITION 

Diversification,  on  the  other  hand,  is  not  an  overall  energy 
conservation  policy.  It  does  not  explicitly  pursue  methods  for  curtailment  of 
sector.  Diversification,  therefore,  implies  conservation  through 
substitution  for  scarce  energy  resources.  Its  philosophical  under- 
pinnings reflect  an  awareness  of  social,  political,  environmental,  and 
economic  difficulties  inherent  in  a program  of  energy  system  concentration 
and  seeks  systematically  to  avoid  them. 


Diversification,  on  the  other  hand,  is  not  an  overall  energy 
conservation  policy.  It  does  not  e-xpli&itly  pursue  methods  for  curtailment  of 
energy  use;  it  does,  however,  advocate  that  energy- resources  be  used 
more  wisely  and  to  that  extent  is  compatible  with  any  program  which 
emphasizes  curtailment  and  greater  efficiency. 


n.1.2  BACKGROUND 

Since  the  beginnings  of  industrialization  in  western  culture, 
societies  have  tended  to  become  dependent  on  one  or  two  major  energy 
sources.  England,  prior  to  the  industrial  revolution,  relied  primarily 
on  wood.  As  population  and  industry  grew,  wood  became  a scarce  commodity. 
Production  and  use  of  coal  increased  until  it  became  the  dominant  source 
of  fuel.  A similar  pattern  of  energy  use  has  been  plotted  for  the  U.  S. 
and  is  displayed  in  Figure  11.1.2-1.  Study  of  this  figure  indicates 
that  it  has  taken  around  60  years  for  coal  and  petroleum  sources  to 
grow  from  infancy  to  maximum  use,  at  which  point  they  begin  to  be 
replaced  by  other  sources.  A policy  focusing  on  diversification  of 
energy  sources  suggests  a change  in  this  pattern  of  growth  and  decline 
of  single  energy  sources. 


PERCENT  PENETRATION  BY 
MAJOR  ENERGY  SOURCES 


FIGURE  n.  1.2-1.  U.  S.  ENERGY  CONSUMPTION 
PATTERNS  [ERDA-48-75] 


SOURCE:  HISTORICAL  STATISTICS  OF  THE 

UNITED  STATES  BUREAU  OF  THE  CENSUS 
U.  S.  BUREAU  OF  MINES,  1974 
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Diversification  implies  a desire  for  the  future  development  of  a 
variety  of  sources, or  at  least  a reduction  in  the  uncertainties  concerning 
a variety  of  sources  so  that  options  for  choice  will  be  available  when 
decisions  need  to  be  made.  ERDA  in  its  first  National  Plan  [ERDA-48-75] 
echos  this  .purview  by  suggesting  that  one  of  its  goals  will  be  to  shorten 
the  energy  system  maturation  cycle  from  the  historical  60  years  to  30  or  less. 

In  reflecting  upon  the  contemporary  situation  in  energy  and  observing 
historical  trends,  mind  sets,  attitudes,  and  public  policy  debate,  it  is 
apparent  that  many  contemporary  energy  problems  are  related  to  the  fact 
that  the  U.  S.  let  itself  become  a "mono-energy  culture"  largely  dependent 
on  petroleum  sources.  In  some  sectors  such  as  transportation,  this  dependency 
upon  petroleum  is  almost  total.  Because  of  the  problems  associated  with  such 
exclusive  reliance  on  one  major  energy  source,  many  individuals  and  institutions 
are  beginning  to  ask  if  there  might  not  be  a better  way  to  move  into  our  national 
energy  future  rather  than  to  again  get  cau'ght  up  in  a nearly  single  supply 
system. 


11.2  THE  SYSTEMS  APPROACH  TO  DIVERSIFICATION 

As  outlined  in  Chapter  3,  the  systems  approach  is  simply  a logical^ 
way  to  investigate  a problem.  The  systems  study  of  energy  diversification 
was  initiated  for  the  reasons  alluded  to  in  Section  1l.l  above.  Basically, 
energy  diversification  appears  to  be  a path  the  U.  S.  might  follow  in 
the  coming  years.  With  this  in  mind,  the  systems  diagram  for  the  .study 
of  energy  diversification  was  prepared  as  shown  in  Figure  11.2-1. 


Objective 


The  stated  objective  of  the  diversification  investigation 

was: 


Study  energy  diversification  and  its  impacts. 


Requirements 

The  requirements  deemed  necessary  to  meet  the  objective  are  listed 
below  (also  see  Figure  11.2-1). 

Determine  the  current  status  of  diversification 

Determine  the  advantages  and  disadvantages  of  diversification 

Determine  the  constraints  and  criteria 


FIGURE  11.2-1.  SYSTEMS  DIAGRAM  FOR  DIVERSIFICATION  STUDY 


^!-tl 


Determine  diversification  actions  and  their  controls 
Determine  the  means  for  implementing  overall  diversification 
Assess  the  overall  impacts 

Each  of  these  requirements  is  examined  in  detail  in  the  following 
sections.  The  alternative  methods  for  satisfying  each  requirement  are 
explored  in  order  to  allow  trade-offs  during  the  assessment  stage  of 
the  study  (see  Figure  11.2-1). 

11.3  ADVANTAGES,  CRITERIA,  AND  CONSTRAINTS 


11.3.1  ADVANTAGES 

The  fundamental  justification  for  an  energetic  diversification 
program  is  reflected  in  the  overall  advantages  which  it  offers.  As 
will  be  seen  in  the  sections  below,  these  advantages  are  potentially 
enormous. 


11.3.1.1  COMPETITION 

A healthy  economy  presupposes  vigorous  competition.  The  diversification 
program  lays  a foundation  for  encouraging  competition 

between  suppliers, 

between  utilities, 

between  energy  hardware  manufacturers,  and 
between  producers  of  energy  using  equipment. 

It  may,  in  fact,  be  possible,  through  increased  competitiveness, 
to  effect  a reduction  in  the  cost  of  imported  petroleum.  This  would 
follow  if  the  world  demand  for  OPEC  oil  declined,  but  the  potential 
results  may  be  even  more  dramatic.  A demonstration  of  the  feasibility 
of  a variety  of  alternate  energy  technologies  could  pose  a potential 
economic  challenge  to  OPEC  nations,  but  more  important  for  the  near  term, 
it  v/ould  obviate  arguments  internal  to  some  OPEC  nations  that  running 
out  of  oil  is  tantamount  to  running  out  of  energy  altogether. 


n-6 


11.3.1.2  CRISIS  SITUATIONS 

A number  of  crises  have  arisen  within  the  past  few  years,  and  to 
a lesser  extent  within  the  past  few  decades,  because  of  energy  system 
concentration  within  the  United  States.  A diminution  of  the  magnitude 
and  frequency  of  crisis  situations  is  foreseeable  as  a product  of 
diversification.  Problem  areas  which  could  be  favorably  affected  by 
diversification  are  those  developing  from: 

Industry-wide  labor  disruptions.  A multitude  of  industries 
makes  it  difficult  to  affect  energy  supplies  nationwide. 

Monopolistic  practices  and  pressures.  Diverse  supplies  and 
suppliers  would  foster  competition. 

Foreign  embargos  and  price  increases.  Self-dependence  is 
possible  in  the  long  run. 

Shortages  of  specific  fuel  types.  Shortages  would  have 
repercussions,  but  not  of  the  magnitude  we  are  presently 
experiencing. 

Mechanical  breakdowns  with  system-wide  consequences.  A 
complete  breakdown  in  one  energy  supply  would  not  necessarily 
affect  other  supplies. 

Unforeseen  impediments  to  technological  development.  Pursuing 
a single  (or  few)  promising  supply  sources  might  not  'pan  out',  and 
would  leave  us  with  nothing  for  the  future. 


The  first  three  crisis-related  advantages  listed  above  are  political 
in  nature  and  generally  reflect  a decentralixation  of  the  power  base 
within  the  energy  arena.  The  latter  two  listed  advantages  are  derived 
from  diffused  technology.  We  have  experienced  breakdowns  and  blackouts 
within  the  past  few  years  which  were  a consequence  of  single  system 
complexity;  we  can  expect  more.  In  a similar  vein,  technological 
difficulties  frequently  arise  in  systems  both  before  (as  e.g.,  in 
nuclear  generation)  and  afte'r  (as  e.g.,  with  the  Boeing  747)  they  are 
put  on  line.  Systems  of  the  future  are  likely  to  exhibit  similar 
vicissitudes. 
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11.3. 1.3  LOCAL  ENERGY  PRODUCTION 

One  of  the  often  overlooked  features,  which  from  a variety  of 
perspectives  looks  extremely  exciting,  is  the  potential  for  utilizing 
resources  proximate  to  the  point  at  which  the  energy  will  be  used.  At 
least  three  consequences  of  this  are  readily  apparent: 

Decreases  transportation  and  transmission  distances 

Contributes  to  regional  self-sufficiency 

Feeds  energy  dollars  back  into  the  local  economy 


11.3.1.4  DECENTRALIZED  PLANT  LOCATIONS 

Extravagant  energy-producing  schemes  envisage  massive  developments 
of  the  resources  within  a concentrated  area.  Along  with  the  other 
difficulties,  this  will  cause  rapid  and  extensive  population  build-ups 
within  the  immediate  area  and  is  likely  to  result  in  hostility  and 
major  resistance  among  local  citizenry.  This,  in  turn,  has  the  potential 
of  impeding  the  progress  of  a development.  Diversification,  because  of 
its  emphasis  on  decentral ization,  lays  a basis  for  the  interruption  of 
this  trend. 


11.3.1.5  LONG  RANGE  ENERGY  POLICY 

Historically,  little  attention  has  been  given  to  mid-term  and 
far-term  energy  policy.  Many  proponents  of  mono-energy,  near-term* 
solutions  have  effectively  shut  the  door  on  future  alternatives  since 
undue  attention  to  immediate  needs  can  deprive  future  alternatives  of 
an  adequate  technological  base.  In  this  respect,  a program  of  diver- 
sification can  enhance  the  prospects  for  future  energy  development 
and  long  range  energy  policy. 


11.3.1.6  ENVIRONMENTAL  OVERLOADS 

A reasonable  prospect  exists  for  extensi-ye  environmental  disruptions 
of  a single  type  from  a single  energy  source.  There  are  very  few,  if  any, 
energy  systems  which  do  not  affect  flora,  fauna,  air  or  water  in  some 
detrimental  fashion,  but  by  diversifying  the  nation's  energy  supplies  it  may 
be  possible  to  spread  out  these  effects  arid  thereby  reduce  the  overall 
magnitude  of  environmental  impacts. 
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11.3.2  MAJOR  CRITERIA 

There  are  three  important  criteria  by  which  a diversification 
program  should  be  judged: 

Encourage  the  use  of  a variety  of  energy  systems.  Those 
systems  which  use  energy  and  those  which  produce  it  should 
be  understood  as  an  integrated  whole.  This  does  not  imply 
arbitrary  diversification,  or  diversification  at  any  cost; 
it  does  entail  overcoming  major  economic  constraints. 

Encourage  the  development  of  non-petroleum  sources.  This 
does  not  mean  eliminating  petroleum  based  energy  systems, 
but  it  does  mean  using  them  more  selectively. 

Tailor  an  energy  source  to  its  -use.  Some  of  the  factors 
which  need  to  be  considered  are  thermodynamic,  geographic, 
demographic, biological  and  meteorological. 

Some  clarification  of  this  last  criterion  can.be  made  by  way  of 
illustration.  Current  practice  in  densely  populated  municipalities  is 
to  locate  electrical  generating  plants  at  some  distance  from  the  city. 

The  low  grade  waste  heat,  suitable  for  space  heating,  is  given  up  to  the 
environment.  In  the  same  municipality,  natural  gas  supplies  many  customers 
with  a heating  fuel.  Tailoring  a source  to  its  use  could  avoid  this 
redundnacy.  By  installing  the  appropriate  type  of  generating  system  near 
the  consumer,  it  would  be  possible  to  supply  him  with  both  electricity  and 
heat  recovered  from  the  conversion  process. 


11.3.3  MAJOR  CONSTRAINTS 

For  each  alternative  approach  to  diversification  there  is  a spectrum 
of  constraints.  It  is  desirable  to  introduce  an  alternative  into  those 
situations  where  the  constraints  are  minimal.  Therefore,  prudence  dictates 
that  it  be  ascertained  what  constraints  might  be  encountered  before  an 
action  is  initiated.  Most  constraints  are  specific  to  an  action;  neverthe- 
less, there  are  twogross  factors  which  are  likely  to  inhibit  any  sustained 
program  of  diversification  or  any  action  which  tends  to  promote  diversification 

Perceived  cost  ineffectiveness  due  to  lack  of  economy  of 
scale.  Whether  cost  effectiveness  does  in  fact  prove  to 
be  an  inhibitory  factor  is  not  the  whole  issue.  The 
important  thing  is  that  industry  may  assume  that  it  is. 

A great  deal  of  recalcitrance  to  any  kind  of  change  derives 
from  arguments  that  economic  feasibility  depends  upon  extensive 
and  intensive  concentration. 
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Vested  interests  of  energy  producers  and  energy  related 
hardware  manufacturers.  It  is  likely,  of  course,  that  such 
industries  can  participate  in,  and  can  be  initiators  of, 
diversification.  However,  conservation  industrial  inertia  would 
have  to  be  overcome  before  diversification'could  be  effected. 


11.4  CURRENT  STATUS  AND  PREVAILING  VIEWS  OF  DIVERSIFICATION 


n.4.1  CURRENT  STATUS 

The  United  States  is  presently  in  the  position  of  being  primarily 
dependent  on  one  major  energy  source;  approximately  78  percent  of, our 
energy  consumption  is  based  on  domestic  and  imported  petroleum  and 
natural  gas.  In  1972,  nuclear  produced  0.6  quads  (less  than  one  percent 
of  our  national  demand  of  72  quads),  hydropower  2.9  quads  (A%)  > coal 
12.6  quads  (17%)  and  crude  oil  and  natura,!  gas  56.1  quads  (78%h  About 
40%  of  the  oil  and  natural  gas  is  imported  today. 

In  recent  times,  some  of  the^ disadvantages  of  being  so  heavily 
dependent  on  one  kind  of  energy,  especially  wh.en  a substantial  portion 
of  our  supply  must  be  imported,  have  become  obvious.  The  recent 
perturbation  by  OPEC  created  a cascading  of  negative  impacts  throughout 
our  economic  system.  Illustrative  of  these  first,  second,  third  and 
higher  order  effects  were  the  disappearance  of  jobs  in  automobile 
manufacturing,  steel  production  and  numerous  other  directly  or  indirectly 
oil  dependent  industries.  Agricultural  production  was  threatened  because 
of  reduced  fertilizer  availability,  reduced  gas  for  crop  drying  and 
insufficient  fuel  for  farm  machinery. 

The  stimulus  provided  by  OPEC  has  elicited  substantial  response 
from  opr  national  energy  system.  Several  new  institutions  have  been 
created  to  carry  out  needed  research,  development,  demonstration  and 
administration.  The  Energy  Research  and  Development  Administration 
(ERDA)  was  created  by  Public  Law  93-438  (the  Energy  Reorganization 
Act  of  1974)  to  gather  under  its  wing  most  of  the  federal  activity 
. in  energy  RD&D  and  to  plot  the  nations  future  energy  research,  develop- 
ment and  demonstration  course.  The  Federal  Energy  Administration  (FEA) 
was  created  to  administer  and  implement  the  various  policies  and  acts 
dealing  with  energy. 


Another  law  was  passed  In  December,  1974,  PL  93-577  (the  Federal 
Non-nuclear  Energy  Research  and  Development  Act  of  1974),  which  constitutes 
a congressional  mandate  to  explore  a diverse  array  of  potential  energy 
sources.  Section  3(a)  of  PL  93-577  states: 

"It  is  the  policy  of  the  Congress  to  develop  on  an  urgent 
basis  the  technological  capabilities  to  suppbrt  the  broadest 
range  of  energy  policy  options  through  conservation  and  use 
of  domestic  resources  by  socially  and  environmentally  acceptable 
means . " 

Section  6 of  PL  93-577,  along  with  PL  93-438,  requires  that  ERDA 
present  to‘ the  Congress  bn  or  before  June  30,  1975,  with  updating 
thereafter,  a comprehensive  plan  for  energy  research,  development, 
and  demonstration.  The  first  such  plan  was  delivered  to  Congress  by 
Mr.  Seamans  on  June  28,  and  is  known  as  ERDA-48.  A further  discussion 
of  ERDA  plans  is  found  in  Appendix  K.4. 


11.4.2  PREVAILING  VIEWS  OF  DIVERSIFICATION 

As  has  been  seen  recently,  society  is  faced  with  many  problems 
resulting  from  an  over-dependehce  on-  petroleum  and  natural  gas.  It 
is  not  difficult  to  find  other  examples. of  the  dangers  of  "one-dimensionality" 
in  this  complex  mass  society.  Barry  Commoner  in  his  book  The  Closing 
Circle  [Commoner-71]  cites  several  examples  of  the  unpleasant  possibilities 
posed  by  large  scale  unimethods  of  food  production  in  which  the  natural 
eco-system  is  disturbed.  He  characterizes  the  large  scale  use  of 
inorganic  nitrogen  fertilizers  and  synthetic  pesticides  as  being  like 
an  additive  drug  — the  more. used,  the  Wore  needed.  Sam  Love  in  his 
article  "Short-loop  Living"  tLove-74]  argiies  the  desirability  of 
diversity  and  decentralization  in  technological  systems.  He  cautions 
about  getting  our  systems  “overhltched"  or  "overconnected"  in  such  a 
way  that  small  disruptions  can  cascade  and  multiply  through  the  inter- 
cohnebting  network  so  as  to  ultimately  produce  larger  and  more  disturbing 
impacts.  Nature^  the  elements  of  which  are  very  intimately  linked,  is 
protected  from  catastrophic  impacts  through  damping  caused  by  diversification 
and  decentralization.  Man-made  tendencies  toward  simplification  of  systems 
create  highly  linked  mono-cultures  fraught  with  possibilities  of  Catastrophe. 
Schumacher  in  his  book  Small  Is.  Beautiful  [SGHumacher-73]  also  addresses 
some  of  the  problems  of  large  "overconnected"  industrial  entities. 

Robert  Gilpin  in  his  very  recent  report  to  Congress,  "Technology,  Economic 
Growth,  and  Industrial  Competitiveness"  [Gilpin-75],  in  many  ways  sounds 
as  though  he  is  an  advocate  of  diversity  relative  to  a public  policy 
climate  which  would  enhance  the  possibility  for  technological  innovation 
in  civilian  industrial  technology.  He  argues  that  a major  problem  of 
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American  science  and  technology  has  been  our  past  mono-science-technology 
orientation  in  which  an  inordinate  share  of  our  total  national  scientific 
and  technical  resources  have  been  devoted  to  a few  areas  of  "big  science 
and  technology",  space,  defense  and  atomic  energy.  We  react  to  crisis 
situations  — a SPUTNIK  produces  a crash  program  to  reach  the  moon, 
conflict  with  the  USSR  produces  crash  programs  in  weapons  systems,  etc. 
Gilpin  likens  our  present  energy  problem  as  another  crisis  which  is  again 
producing  a "crash"  program  with,  as  he  sees  it,  undue  emphasis  on  a 
single-energy  solution,  the  breeder  reactor.  Gilpin  argues  against 
these  "crash"  programs  as  being  very  wasteful  and  of  too  little  breadth. 

In  situations  such  as  the  present  energy  circumstance,  where 
there  are  large  measures  of  uncertainty  in  terms  of  future  energy 
supplies  and  end-use  conservation  measures,  Gilpin  suggests  that  in 
place  of  "crash"  programs  of  a one-dimensional  nature  the  U-.  S.  should, 
adopt  policies  and  create  institutions  for- implementing'  these  policies 
so  that  a diverse  array  of  possibilities  are  explored  by  smaller  -■ 
increments.  He  calls  this  approach  "incrementalism"  and  suggests  that 
experiments  be  designed  to  enable  us  to  purposefully  learn  at  each 
increment  or  step  and  thus  reduce  the  uncertainties  and  perceive  more 
clearly  the  desirable  directions  in  which  to  move  our  technology. 

In  view  of  the  many  uncertainties  associated  with  both  future 
energy  supplies  and  future  end-uses  aris-ing  out  of  the  recent  experience 
with  a mono-energy  culture,  there  is  an  urgent  feeling  abroad  that 
public  policy  makers  should  give  serious  and  deliberate  consideration 
to  the  merits  of  diversification  in  both  supply  and  end-use  conservation 
measures. 


11.5  MEANS  OF  IMPLEMENTATION 


The  precise  vehicles  necessary  for  implementation  of  a specific 
action  v/hich  will  contribute  to  diversification  will  depend  substantially 
on  the  action  being  considered.  There  are  a few  rather  broad  areas  in 
which  steps  appropriate  to  any  such  action  can  be  taken: 

Legislation  to  assist  programs  and  provide  incentives 

Financing  through  low-interest  loans,  government-guaranteed 
loans,  underwriting  pilot  projects,  and  indirectly  by 
providing  energy  price  guarantees 

Tax  incentives  to  industries  and  individuals  which  develop  or 
install  equipment  and  systems  which  contribute  to 
diversification 
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Education  programs  to  develop  interests,  to  emphasize  the 
magnitude  of  our  energy  dilemma,  and  to  provide  information 
about  our  alternatives 

Technological  information  in  a cogent  format  to  interested  parties 
to  provide  design  parameters,  cost  data  and  information  about 
difficulties  which  may  be  encountered 

All  of  the  above  steps  have  been  suggested  as  valuable  tools  in  the 
implementation  of  new  energy  sources.  However,  at  present  these  steps 
have  not  been  applied  to  the  range  of  possible  energy  sources  mentioned 
in  the  next'section  (11.6).  Only  after  an  overall  diversification  plan 
has  been  decided  on  can  the  above  steps  be  used  to  produce  the  desired 
energy  source  mix.  A 'helter-skelter'  application  of  the  implementation 
steps  would  lead  both  to  confusion  and  redundancy.  Careful  attention  must 
be  given  to  integration  and  optimization  of  diversified  systems. 


11.6  ACTIONS 

The  specific  set  of  energy  systems  which  make  up  a program  of 
diversification  should  include  the  following: 

Coal 

Oil 

Natural _gas 
Oil  shale 
Biomass 
Waste 

Nuclear  fission 
Nuclear  fusion 
Integrated  Systems 
Photovoltaic 
Solar  Thermal 


Geothermal 
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Hydro-electric 
Thermal  gradients 
Solar  heating/cooling 
Wind 

The  aggressive  pursuit  of  these  alternatives,  each  of  which  is 
discussed  briefly  in  Appendix  K.l,  is  being  undertaken  by  ERDA  OERDA-48], 
reflecting  the  intent  of  the  Mon-Nuclear  Energy  Research  and  Development 
Act.  [PL-93-577] 


11.7  ASSESSMENTS 

To  decide  the  feasibility  of  an  across-the-board  diversification 
program,  a systematic  study  needs  to  be  undertaken  involving  each  proposed 
diversification  energy  action.  The  first  step  in  such  a study  is  to 
determine  the  requirements  of  each  of  the  alternative  energy  systems 
which  make  up  diversification.  The  major  requirements  are: 

Capital  investment 

Maintenance 

Availability  and  location  of  source  supply 

Manpower 

Materials 

Water 

Land  use 

Studying  each  of  ihese  requirements  entails  substantial  amounts  of 
research,  research  which  could  be  conducted  within  the  framework  of  an 
overall  energy  program.  Lacking  this,  it  is  still  possible  to  outline 
a format  for  the  task  which  needs  to  be  undertaken.  The  following 
material  is  an  illustration  of  an  analysis  of  diversification  in  energy 
supply  with  an  emphasis  on  impact  assessment  relative  to  a major  constraint* 
water  requirements. 
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Outline  of  Example  Assessment 

By  selecting  the  water  requirement  as  a subject  of  investigation, 
it  becomes  obvious  that  several  questions  need  to  be  answered: 

Which  systems  are  water  intensive,  that  is,  require  vast 
amounts  of  water,  the  unavailability  of  which  would' jeopardize 
their  develooment? 

What  are  the  geographic-  locations  most  suitable  for  each 
system?  ' . . 

What  are  the  regions  in  which  water  supply  is  likely  to  be 
problematic? 

The  next  question  which  needs  to  be  answered  depends  upon  the  answers 
to  the  first  three:  - 

'Which  alternatlve.water  intensive  systems  must  be  located 
in  water  scarce  regions? 

The  results  of  such  an  analysis  reveal  that  the  water  requirements 
of  exactly  three  systems: 

Coal,  located  in  the  Missouri  Basin,  Upper  Colorado  Basin, 
and  Lower  Colorado  and  Rio  Grande  areas 

Oil  shale,  located  in  the  Upper  Colorado  Basin,  and 

Solar  central  generation,  located  in  Arizona  and  New  Mexico 

need  further  investigation  (See  Appendix  K.2). 

There  is  one  final  question  which  ought  not  be  overlooked.  That 
is. 


Is  there  any  conflict  between  the  water  requirements  of 
coal , shale,,  and  solar?  . 

The  study  of  this  subject  led  to- two'  observations': 

There  is  a potential  conflict  between  coal  in  northern 
New  Mexico  and  solar  in  southern  New  Mexico,. 

There  is  a distinct  potential  for  conflict  between  coal  and 
shale  in  the  Upper  Colorado  Basin. 
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Conclusions  of  Example  Assessment 

On  the  basis  of  information  available  at  present,  several  tentative 
conclusions  are  suggested  (see  Appendix  K.3): 

Coal  located  in  the  Missouri  Basin  could  be  converted  to 
synthetic  fuels  without  creating  major  v/ater  problems. 

Coal  resources  located  in  the  Colorado  Basins  could  be  developed 
in  moderate  amounts,  but  liquefaction  or  gasification  seems 
to  be  ruled  out  at  this  time. 

Oil  shale  can  be  processed  without  resulting  in  major  conflict 
with  coal  or  impacting  on  existing  water  resources. 

Developing  the  solar  potentials  of  Arizona  and  New  Mexico  is 
possible  without  degrading  or  reducing  the  volume  of  water 
available. 

Proposals  to  augment  the  water  resources  of  any  region  need 
to  be  analyzed  in  greater  depth. 

Further  investigation  of  diversification  will  entail  not  only  more 
intensive  evaluation  of  water  requirements,  but  a detailed  analysis  of 
other  requirements  as  well.  Final  conclusions  cannot  be  drawn  on  the  basis 
of  capital  costs  alone;  likewise,  resolution  of  the  water  problems  is  not 
the  only  basis  of  decision.  Solution  of  the  water  problems  may  result  in 
systems  requiring  far  more  capital  than  investors  are  willing  to  supply. 
Final  decisions  will  ultimately  depend  upon  trade-offs  made  as  a result 
of  evaluating  requirements  and  the  alternative  ways  of  satisfying  these 
requirements.  This  is  the  intent  of  the  systems  method. 


Net  Energetics  Assessmeat 

Another  method  of  assessment  is  to  calculate  the  energy  "return"  on  the 
energy  "invested"  to  a potential  energy  source  in  order  to  bring  it  on-line. 
Net  energetics  shows  how  the  rate  of  energy  return  can  be  calculated.  An 
example  assessment  for  a heliostat  solar  plant  is  shown  in  Appendix  C.4. 


CHAPTER  12.  CITIZENS' ACTIONS 


Citizens  are  consumers;  and  in  such  a role  they  are  a vital  cog 
in  the  energy  machine.  Consuming  takes  energy  for  direct  actions 
such  as  traveling  to  work,  going  on  vacation,  using  lights  and  appli- 
ances, and  cooking.  It  also  takes  energy  indirectly  in  producing 
consumer  goods  and  providing  an  existence  that  is  felt  to  be  viable. 

In  short,  citizens  use  energy  and  they,  also  have  the  potential  to 
save  energy.  In  fact,  they  must  conserve  energy  if  the.  nation  is 
serious  in  its  attempt  to  reduce  foreign  oil  imports.  But  the  task 
may  not  be  easy.  The  majority  of  the  seminar  speakers  for  the  1975 
Summer  Faculty  Fellowship  Program,  who  incidentally  were  a represen- 
tative cross-section  of  upper  class  Middle  America,  were  quite  sym- 
pathetic with  energy  conservation  and  the  need  to  save.  Hence,  the 
need  for  a qualifying  note— they  were  sympathetic,  but  only  if  it 
didn't  mean  a change  in  their  life  stymie..  Is  this  possible?  Can 
we,  as  citizens,  indeed  save  significant  amounts  of  energy  without- 
disrupting  a consumptive  life  style? 

This  chapter  of  the  report  addresses  the  above,  question,  and 
hopefully  provides  some  answers  or  alternatives.  In  confronting 
the  problem,  a number  of  considerations  must  be  examined  closely; 
for  example,  personal  consumption  patterns,  the  effects  of  the 
embargo,  conservation  actions,  barriers  to  savings,  etc.  Only  in 
this  type  of  framework  can  one  expect  to  present  the  true  picture 
of  citizens'  actions— past,  present,  and  future. 

As  we  shall  see,  there  are  ways  that  citizens  can  save  energy, 
individually  and  in  groups.  The  potential  savings  are  significant, 
but  the  actual  savings  achieved  may  be  quite  small.  The  citizen  needs 
to  be  motivated  to  save  and  to  believe  in  a conservation  ethic. 
Developing  such  an  ethic  is  difficult,  and  perhaps  not  responsive 
to  the  shotgun  approach  now  being  attempted.  Perhaps  a future 
synopsis  of  the  present  situation  will  reveal  that  Americans  failed 
in  their  post  embargo  attempt  to  conserve,  and  that  the  true  course 
of  action  should  have  been  one  of  synthesizing  new  societal  struc- 
tures that  provide  the  maximum  evolution  of  culture  within  the  limi- 
tations of  scarce  energy  resources. 
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12.1.  BACKGROUND 

12.1.1.  DEFINITION 

During  this  discussion,  citizens'  actions  are  considered  to  be  those 
implemented  by  the  citizen  to  conserve  energy,  and  they  include  such  things  as 
individual  changes  in  life  style  (v/alking  to  work,  carpooling,  turning  back 
thermostat),  group  actions  that  include  a city's  "save-a-watt"  program,  and 
citizens'  groups  participation  at  the  local  level. 


12.1.2.  ENERGY  AND  THE  EVOLUTION  OF  CULTURE 

Before  one  looks  at  citizens'  actions  and  attempts  an  assessment, 
it  is  necessary  to  speak  of  consumption  patterns.  In  other  words,  how 
and  to  what  extent  does  the  citizen  consume  energy?  Do  Americans  con- 
sume more  than  others?  Did  this  generation  consume  more  than  the  last? 
Perhaps  still  yet  a more  basic  question  must  be  asked.  Why  the  need 
for  energy  in  the  first  case?  How  does  it  change  our  life  or  make  us 
better  people?  As  background , consider  that  man  as  an  animal  species, 
and,  consequently,  culture  as  a whole,  is  dependent  upon  the  material  and 
mechanical  means  of  adjusting  to  the  natural  environment.  Man  must 
have  food  and  be  protected  from  the  elements.  And  he  must  defend 
himself  from  his  enemies.  These  three  things  he  must  do  if  he  is  to 
continue  to  live,  and  these  objectives  are  attained  only  by  technolog- 
ical means.  One  might  say  then  that  the  technological  system  is  both 
primary  and  basic  in  importance;  all  human  life  and  culture  rest  and 
depend  upon  it.  Therefore  the  evolution  of  culture,  meaning  the  pro- 
duction of  goods  and  of  life's  comforts,  is  directly- related  to  the 
amount  of  energy  harnessed  and  put  to  work  in  man's  service.  Only  by 
technological  means_j_s_  energy  harnessed.  Tools  of  one  kind  or  another 
accomplish  this,  but  some  are  more  efficient  than  others.  - 

The  point  of  the  discussion  is  that  the  amount  of  food,  clothing, 
or  other  goods  produced  in  a society  depends  on  0)  the  amount  of  energy 
harnessed  per  year  and  (2)  the  efficiency  of  the  technological  means 
with  which  energy  is  harnessed  and  put  to  work.  In  other  words,  culture 
evolves  as  the  amount  of  energy  harnessed  per  capita  per  year  is  increased, 
or  as  the  efficiency  of  the  instrumental  means  of  putting  the  energy 
to  work  is  increased. 

In  a_  historical  perspective,  the  nation  is  at  a crossroads.  Further 
advances  in  culture,  or  perhaps  even  maintaining  a status  quo,  depends  on 
increasing  our  energy  supply  or  increasing  the  efficiency  of  the  technolog- 
ical processes  involved.  In  a sense  both  of  these  factors  are  linked  to 
the  consumer.  If  less  is  consumed,  the  supply  is  less  limited.  Hence, 
actions  such  as  adding  insulation  to  hoibes  ihcreasbe  the.  efficiency  of ’the 
energy  usage  prbcess-.and  detfeases  consumption. 
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Table  12. 1.2-1  compares  the  consumption  of  energy  in  our  present 
culture  with  that  of  previous  societies.  It  illustrates  vividly  the 
present  dilemma:  modern  man  is  consuming  energy  at  an  astonishing 
rate  --  and  in  the  process  is  depleting  finite  resources. 


12.1.3.  PERSONAL  CONSUMPTION  PATTERNS 

In  terms  of  energy  use  per  capita,  the  average  United  States  citizen 
today  is  the  greatest  energy  user  the  world  has  ever  known.  Figure 
12.1.3-1  shows  an  annual  comparison  of  per  capita  energy  use  among 
various  countries.  The  standard  of  living  in  the  United  States  has 
reached  a point  where  the  per  capita  use  of  energy  is  near  400  million 
BTU  per  year.  This,  of  course,  includes  all  the  energy  used  to  produce 
the  goods  and  services  consumed  by  the  average  citizen. 

Between  1950  and  1973  the  U.  S.  population  grew  from  151  million 
to  206  million  people,  an  increase  of  approximately  one-third.  During 
this  time,  the  amount  of  energy  consumed  by  this  population  doubled. 
Today,  U.  S.  per  capita  energy  use  is  six  times  the  average  for  the 
rest  of  the  world.  Our  gross  energy  consumption  has  also  increased  at 
an  average  approval  rate  of  3.1  percent  between  1947 -and  1971.  During 
the  1965-1970  period  a 4.8  percent  growth  rate  was  experienced. 

The  energy  growth  curve  in  Figure  12.1.3-2,  coupled  with  the  above 
figures  should  leave  doubt  of  where  we  stand  as  energy  consumers. 


12,1.4.  SUBSTITUTING  ENERGY  FOR  LABOR 

As  we  examine- the  past  consumption  patterns  in  the  United  States,  it 
readily  becomes  apparent  that  there  has  been  a potent  increase  the  last 
25  years  in  energy  demand.  What  has  taken  place  in  our  society  that 
accounts  for  this  pattern?  Hannon  (SCI)  cites  examples  of  increasing 
energy  and  decreasing  labor  utilization  in  a number  of  industries 
[SCI-75,95].  For  example,  the  system  that  produces  beverages  has  been 
shown  to  be  more  labor  demanding  and  less  energy  demanding  if  the  bev- 
erages were  delivered  in  refillable  rather  than  throwaway  containers. 

Steinhart  and  Steinhart  note  that  the  proportion  of  people  engaged 
in  farming  halved  between  1920  and  1950  and  then  halved  again  by  1962. 

In  contrast,  total  use  of  energy  in  the  United  States  food  system  grew 
from  685.5  x lOl^  kcal/year  in  1940  to  2172  x 10^2  .jn  1970.  Other 
examples  could  be  cited  for  the  replacement  of  labor  by  energy  [SCI-74,307]. 

Due  to  past  abundant  "cheap"  energy,  industry  has  become  energy  in- 
tensive. In  other  words,  in  the  past,  economics  has  overruled  energy 
conservation.  Likewise,  modes  of  transportation  have  become  less  effi- 
cient"in  part  because  of  larger  engines,  but  more  recently  due  to 
modifications  required  to  meet  pollution  standards.  In  the  last  several  years, 
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Primitive  man  (East  Africa  about  1,000,000  years  ago)  without  the  use  of  fire  had  only  the  energy 
of  the  food  he  ate.  Hunting  man  (Europe  about  100,000.„y,ears  ago)  had  more  food  and  also  burned  wood  fOr 
heat  and  cooking.  Primitive  agricultural  man  (Ferti 1 excrescent  in  5000  B.C.)  was  growing  crops  and  had 
gained  animal  energy.  Advanced  agricultural  man  (nortjiwestern  Europe  in  A.D.  1400)  had  some  coal  for 
heating,  some  water  power  and  wind  power  and  animal  transport.  Industrial  man  (in  England  in  1875)  had 
the  steam  engine.  In  1970,  technological  man  (in  the  U.  S.)  consumer  230,000  kilpcalories  per  day,  much 
of  it  in  form  of  electricity  (hatched  area). 
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[ENERGY-75.11] 
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many  changes  in  society  have  taken  place.  These  changes  account  for  our 
radical  consumption  patterns.  The  citizen,  in  terms  of  personal  lifestyle 
changes.,  has  certainly  contributed  to  this  trend. 


•r2..2'  OIL  EMBARGO  AND  THE  CONSUMER 

The  total  impact  of  the  Organization  of  Petroleum  Exporting  Countries 
(OPEC)  oil  embargo,  as  contrasted  with  the  impacts  of  higher  energy  prices 
and  energy  shortages,  is  subtle  and  difficult  to  separate.  However, 
estimates  indicate  that  the  output  of  the  economy  fell  in  the  first  quarter 
of  1974  by  10  to  20  billion  dollars  as  a result  of  the  embargo. 

Unemployment  effects  were  estimated  to  be  0.5  percent  of  the  civilian 
labor  force  or  about  a 500,000  people  reduction.  Energy  prices  during 
the  embargo  were  responsible  for  at  least  30  percent  of  the  increase  in 
the' Consumer  Price  Index  [PI-74-1,288].  As  a result,  Gross  National  Product 
fell  at  an  annual  rate  of  6.3  percent  during  the  first  quarter  of  1974. 

In  addition,  personal  consumption  expenditures  fell  4.8  percent  in  the 
fourth  quarter  of  T973  and  2.7  percent  in  first  quarter  of  1974.  Ninety-six 
percent  of  the  decline  in  the  first  quarter  of  1974  resulted-  from  curtailed 
demand  for  auto  and  auto  parts  and  energy. 

The  above  figures  relate  an. overview  of  the  economic  impacts  of  the 
embargo.  A close  analysis  of  changes  in  consumption  patterns  relate  the 
following; 


Household  travel  - There  was  a drop  in  the  number  of  trips 
made  during  the  oil  embargo,  especially  those  for  social, 
recreational  and  dining  purposes.  Besides  work  related  trips* 
the  reductions  were  due  to  difficulty  and  uncertainty  in 
obtaining  gasoline. 

Household  heating  - During  the  embargo,  households* responded 
admi rab ly  to  government  requests  to  reduce  temperature  levels. 
The  average  level  of  household  temperature  during  1973-74 
was  68  degrees,  a two  degree  reduction  from  the  previous  year's 
average. 

Use  of  electricity  - The  continuous  National  Survey  showed  an 
increase  from  29  percent  of  those  respondents  reporting  a 
reduction  of  major  appliances  during  November  to  about  48 
percent  at  the  end  of  February. 
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The  above  data  indicate  that  there  was  significant  consumer 
response  to  the  oil  embargo.  Perhaps  the  dilemma  results  from  post  embargo 
events.  Since  that  time,  there  has  been  a significant  increase  in  consumption 
at  all  levels.  Even  though  the  rate  of  gasoline  consumption  had  slumped  by 
1.9  per  cent  annually  in  the  last  tv^o  jears,  it  has  now  climbed  back  to  near 
pre-embargo  levels  in  spite  of  a national  July,  1975  average  of  .58.7  cents 
per  gallon.  In  other  words,  Americans  are  travelling  at  a greater  .pace  than 
ever  before,  maybe  in  anticipation  of  even  higher  gasoline  cost  during  next 
summer's  vacation  period.  Even  though  polls  indicate  Americans  are ‘trying 
to  accomplish  .energy  savings,  there  is  no  substantial  evidence  to  support 
this  fact.  Perhaps  the  capital  saved  from  one  conservation  action  is  being 
reinvested  in  another  mode  of  energy  consumption.. 


12.3.-  BARRIERS  TO  SAVINGS 

A variety  of  barriers  to  savings  can  be  identified.  A few  of  these 
are  discussed  briefly  in  this  section. 

12.3.1.  CREDIBIEITY  GAP 

Many  peoole  have  indicated  that  perhaps  one  of  the  large  barriers  to 
obtaining  significant  savings  in  energy  consumption  is  the  ci^dibility  gap 
between  producers  and  consumers.  For  example,  the  widely  voiced  opinion 
that  the  spiraling  cost  of  gasoline  is  the  result  of  a ri^off  by  the  oil 
companies  certainly  does  not  enhance  the  conservation  ethic.  On  the  other 
hand,  a'  recently  conducted  energy  survey  fVanston  - 75]  indicated  that 
100^  of  the  people  surveyed  believed  that  there  really. is  an  energy 
problem  and  76%  indicated  that  they  thought  the  consumer  was  the  problem. 
One  would  suppose  that  a belief  in  the  validity  of  the  energy  problem 
would  lead  to  a reduction  in  consumption.  However,  the  fact  that 
consumption  levels  are  once  again  approaching  historical  growth  in  spite 
of  increasing  energy  costs  makes  one  feel  that  either  people  really  don’t 
believe  that  the  energy  problem  is  serious  enough  for  them  to  reduce 
consumption  or  they  don't  believe  that  there  really  is  an  energy  problem. 

T2.3.2.  CONSUMPTIVE  LIFESTYLES 

The  lifestyles  of  American  households  are  directly  reflected  by 
household  energy  users.  For  the  past  25  years,  these  developing  lifestyles 
have  been  based  on  rising  real  incomes  and  stable  or  falling  energy  costs. 
Now  that  the  tide  has  turned,  rising  energy  costs  must  have  an  effect  on 
lifestyles.  One  area  that  must  be  examined  in  assessing  the  impacts  of 
rising  energy  costs  on  lifestyles  is  the  percentage  of  household  income 
devoted  to  energy.  As  can  be  seen  from  Table  12.3.2-1,  energy  consumption 
rises  with  increasing  income,  but  the  differences  in  energy  consumption 
are  less  than  proportional  to  differences  in  income.  For  example,  in 
1973,  a household  with  $2,500  income  consumed  only  two-thirds  of  the 
energy  of  a household  with  an  income  of  $8,000  and  approximately  half  the 
amount  of  the  $14,000  household. 
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\BLE  12.3.2-1.  ENERGY  EXPENDITURES  AND  CONSUMPTION  BY  INCOME  CLASS,  1973 
idapted  from  [Ford-74, H 8]) 


Average  Total  Percent 

energy  BTU's  of  total 

expenditure  consumed  Income  spent 

Income  category  per  household  {in  millions)  on  energy 


rage  income: 

$2,500— $379  207  15.2 

$8,000 572  294  7.2 

114,000 832  403  5.9 

$24,500 994  478  4.1 


12-9 


Another  important  consideration,  however,  is  the  percentages  of  total 
annual  income  spent  on  energy.  As  can  be  seen  from  Table  12.3.2-1,  this 
percentage  is  significantly  higher  for  low  income  families.  Obviously, 
this  means  that  rising  fuel  costs  will  impact  the  poor  much  harder. 

Some  of  the  areas  in  which  lifestyles  niay  change  in  response  to 
increasing  energy  costs  are  location  and  types  of  family  dwellings.  For 
example,  multi-family  dwellings  generally  consume  less  energy  than  single 
family  dwellings.  Energy  for  transportation  is  basically  determined  by 
the  spatial  relationship  of  houses  to  jobs  and  shopping  centers  and  to  the 
density  of  development.  In  fact,  one  study  estimated  that  for  a given 
population  mix,  the  energy  consumption  for  heating  and  transportation  in  an 
unplanned  community  of  single  family  homes  1$  44%  greater  than  that  associated 
with  a planned  community  of  higher  density  and  containing  substantial  numbers 
of  high  rise  and  garden  apartments  and  town  houses.  [Hearings-75,  262J 

Obvious  impacts  on  lifestyles  in  the  area  of  transportation  can  be 
anticipated.  Air  travel  may  decline  as  prices  increase.  Consumers  will 
be  faced  with  the  choice  of  paying  higher  prices  or  reducing  consumption 
by  driving  less  or  small  cars. 


12.3.3.  INVERTED  RATE  STRUCTURE 

The  existing  utility  rate  structure  obviously  does  not  encourage 
conservation  — the  more  you  use,  the  cheaper  the  rate.  Perhaps 
significant  savings  might  result  if  the  rate  structure  were  revised  so 
that  the  rate  for  consumption  above  a specified  level  was  considered 
higher.  In  this  case,  consumers  might  watch  thei r meter -each  month  in 
an  attempt  to  keep  their  consumption  at  a specified  level. 

12.3.4.  FUEL  COSTS 

On  the  other  hand,  if  fuel  costs  were  to  decline  (suppose  the  knee- 
deeper  theory  is  correct),  consumption  would  probably  return  to  the 
exponential  growth  curves  prevalent  prior  to  the  embargo.  Thus,  low  fuel 
costs-  are  tan  obvious  barrier  to  energy  conservation. 


12.3.5.  INITIAL  COSTS  COMPARED  TO  LIFE  CYCLE  COSTS 

Consumer  buying  patterns  are  decidely  affected  by  initial  costs. 

A major  consideration  of  one  item  over  another  is  the  initial  costs  of 
each.  An  appliance  that  is  energy  efficient,'  but  costs  more,  is  difficult 
to  market  simply  because  the  consumer  is  not  interested  in  or  is  unaware 
of  life-cycle  costing.  Educating  the  consumer  to  the  advantage  of  life- 
cycle  costing  may  be  a monumentous  task,  but  one  that  is  worthwhile  from 
a conservation  point  of  view.  It  has  been  estimated  that  six  additional 
inches  of  ceiling  insulation  will  yield  a winter  dollar  savings  of  S180 
to  $220  and  a winter  fuel  savings  of  515  to  635  gallons.  Recovering  costs 
of  the  initial  investment  requires  approximately  one  year.  However,  it  is 
still  difficult  to  motivate  people  to  purchase  insulation  because  of  the 
high  initial  costs. 


ie-10 


12.4  INCENTIVES  TO  SAVE 

A variety  of  incentives  for  saving  energy  have  been  identified 
Several  of  these  are  mentioned  in  the  following  sub  sections. 


12.4ol  TIME  TO  DEVELOP  ALTERNATIVES 

One  very  important  aspect  of  citizens'  actions  is  that  they  represent 
a viable  means  of  bridging  the  short  term  period  until  alternate  resources 
become  available.  It  is  the  opinion  of  many  experts  that  10-15  years  will 
be  needed  to  perfect  the  technologies  and  build  the  facilities  required  to 
make  the  widespread  use  of  future  resources  possible. 


12.4.2  SCARCITY  OF  FUELS 

One  obvious  reason  for  conserving  fossil  fuels  is  to  extend  the  life- 
time of  the  finite  supplies  of  these  fuels  so  that  they  will  continue  to  be 
available  for  unique  uses  for  which  they  are  suited.  Discussions  of  conser- 
vation often  included  substitution  as  one  category.  In  this  case,  substitu- 
tion can  mean  substituting  coal  or  uranium  for  oil  and  natural  gas.  This 
substitution  conserves  supplies  of  oil  and  natural  gas,  but  it  is  not 
conservation  in  terms  of  reducing  consumption  of  fuel.  Another  type  of 
substitution  might  be  a substitution  for  end  products  or  substitution  of 
materials  during  manufacturing.  Both  of  these  areas  may  offer  potential 
savings;  for  example,  substitution  of  aluminum  or  plastic  in  cars  may 
reduce  fuel  consumption  in  the  form  of  gasoline  as  well  as  fuel  consumption 
reduction  in  the  manufacturing  process. 


12.4.3  REDUCTION  OF  DEPENDENCE  ON  IMPORTS 

Reducing  consumption  of  oil  and  natural  gas  would  result  in  a decline 
in  imports  of  these  expensive  fossil  fuels.  As  the  price  of  these  fuels 
continues  to  climb  (as  a result  of  derengulation  of  gas  and  decontrol  of 
oil  price,  along  \dth  OPEC  price  increase),  consumers  confronted  with  the 
alternatives  of  spending  a greater  percentage  of  their  income  for  energy 
or  decreasing  consumption  in  order  to  save  money  may  decide  to  opt  for 
using  less  energy.  Reducing  consumption  of  oil  and  gas  obviously  would 
help  to  alleviate  the  balance  .of  payments  problem  that  the  country  faces 
when  importing  large  quantities  of  oil. 


12.4.4  DECREASING  ENVIRONMENTAL  POLLUTION 

Another  problem  emerging  from  the  energy  crisis  is  the  apparent  con- 
flict between  environmental  protection  and  energy  production.  For  example, 
burning  coal  creates  numerous  environmental  problems,  including  air  pollution 
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resulting  from  the  release  of  sulfur  dioxide  and  particulates.  It  follows, 
then,  that  a reduction  in  the  use  of  fossil  fuels  will  lead  to  decreases  in 
air  pollutants.  Reducing  consumption  would  not  only  help  in  reducing  the 
amount  of  particulates,  But  would  also  reduce  the  amount  of  carbon  dioxide 
released  to  the  atmosphere.  The  exact  relationship  between  these  two  pollutants 
and  their  effect  on  world  climate  has  been  the  subject  of  many  discussions, 
[Rotty-75]  Reducing  consumption  could  also  lead  to  a reduction  in  the  heat 
released  in  the  combustion  process.  The  effect  of  waste  heat  on  world  climate 
is  also  currently  being  debated.  [Rotty-75]  In  any  case,  it  appears  that 
a reduction  in  consumption  that' may  help  in  alleviating  some  environmental 
problems  facing  the  nation  and  the  world. 


12.5  PRESENT  APPROACHES 

Actions  by  citizens  "to  conserve  energy  may  be  individual  actions  or 
group  actions.  This  section  presents  an  overview  of  various  actions  — 
group  and  individual  — that  fall  under  the  classification  of  citizens' 
actions.  The  list  is  not  meant  to  be  comprehensive,  but  only  to  represent 
the  types  of  actions  which  may  result  in  energy  savings  by  the  citizen. 

Suggested  individual  actions: 

Transportation  Sector 

travel  by  railroad  or  bus  instead  of  car 

walk  rather  than  drive 

drive  at  posted  speed  limits  or  lower 

keep  car  properly  tuned 

keep  car  as  long  as  possible 

buy  only  one  car  per  family 

take  short  recreational  trips  rather  than  long 

carpool  as  much  as  possible 

try  to  live  close  to  work 

combine  shopping  trips 

promote  door-to-door  delivery  service 

promote  local  stores  within  walking  distance 

ban  parking  in  downtown  parking  areas 

drive  small  efficient  cars 


Residential  Sector 

set  thermostat  back  to  68°F  (day) 

set  water  heater  back  to  120”F 

set  air  conditioner  thermostat  up  to  yS^F 

set  8~hour  thermostat  back  to  60"F  (night) 

reduce  bathing  water  consumption 

turn  off  pilot  lights  in  gas  furnaces 

retrofit  homes  by  adding  insulation,  storm  windows  and  doors, 
and  caulking 

keep  furnace  and  air  conditioner  properly  tuned 

install  heat  pumps  to  replace  resistance  heating  where 
applicable 

reduce  lighting  levels  to  a minimum  acceptable  level 
install  restricted  flow  shov/er  heads 

buy  the  most  efficient  appliances  regardless  of  initial  cost 
turn  off  lights  when  leaving  a room 
use  lower  light  intensities  in  rooms 
use  natural  light  whenever  possible 

carefully  use  electric  stoves  (turn  off  heat  before  finishing) 
avoid  opening  refrigerators  unnecessarily 


Individual  actions  are  numerous  and  the  potential  of  many  such  actions  has 
been  discussed  elsewhere  in  the  ECASTAR  report.  Before  encouraging  such  actions 
however,  a comprehensive  assessment  within  the  systems  approach  framework  should 
be  undertaken  to  determine  the  overall  feasibility  of  the  actions.  Such  an 
assessment  should  identify  the  requirements  for,  the  alternatives  to,  and  the 
impacts  of  such  actions.  For  example,  installing  insulation  in 
certain  areas  of  the  country  may  provide  minimum  energy  savings  at 
the  expense  of  a considerable  investment  of  energy  and  capital  in  producing 
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the  insulation.  Homeowners  should  be  aware  that  the  energy  saved  by 
adding  windows  to  take  advantage  of  natural  lighting  would  likely  be  off- 
set by  heat  infiltration  and  its  impact  on  cooling  loads.  Proper  assess- 
ment should  identify  problems  such  as  the  above.  Only  after  such  an  assess- 
ment should  a citizens  group  or  an  agency  promote  such  actions. 

Group  Actions: 

The  following  is  a selective  list  of  programs  that  require  citizen 
involvement  and  are  currently  being  implemented  at  local,  state,  or  national 
levels. 

Energy  Management  Plans 


Under  the  auspices  of  the  General  Services  Administration, 
massive  savings  were  accomplished  at  government  centers 
throughout  the  country.  Marshall  Space  Flight  Center, 
Huntsville,  Alabama,  was  involved  in  such  a program  and 
achieved  a 21.4%  total  annual  energy  savings.  Actions 
specifically  involving  workers  included  MSFC  involvement  in 
the  DOT  computerized  carpool  matching  system,  reserved 
parking  for  carpool s,  and  encouragement  of  general  conserva- 
tion practices  by  the  employees. 

Citizens  Actions  Committees 


Organized  community  leaders  have  been  working  in  pilot  projects 
to  promote  energy  conservation.  Committees  have  been  established 
in  11  states  by  Mrs.  Virginia  Garrett,  a dynamic  Montgomery,  Alabama, 
community  leader.  Emphasis  in  the  projects  is  placed  on  promoting 
conservation  actions  by  education  in  schools,  businesses,  industies, 
homes  and  public  buildings,  and  by  campaigns  to  ride-the-bus , 
build  and  use  bike  trails,  and  car-pooling.  [Garrett-75] 


Project  Conserve  — A Pilot  Project  in  Homeowner  Energy  Conservation 

Project  Conserve  was  an  information-incentive  program  to 
encourage  homeowners  to  voluntarily  enhance  the  thermal 
efficiency  of  their  homes.  Data  supplied  by  the  homeowners 
on  a questionnaire  are  processed  by  computer  to  yield  cost 
and  savings  of  energy  consuming  retrofit  actions  — 
weather  stripping/caulking,  or  thermostat  setback.  In 
this  particular  study,  21%  of  the  homeowners  securing  the 
questionnaire  completed  and  returned  it.  These  homeowners 
were  sent  the  computer  report,  and  48%  indicated  that  they  intended 
to  take  at  least  one  of  the  actions  described. 
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Kill-a-watt  — A Three-Part  Program  by  Department  of  Lighting  - 
City  of  Seattle. 

One  major  emphasis  is  undertaking  a comprehensive  active 
role  in  showing  residential,  commercial,  and  industrial 
customers  hov/  they  can  eliminate  waste  and  use  electrical 
energy  wisely.  The  Department  of  lighting. sends  out 
specialist  teams  to  homes,  businesses,  institutions,  and 
industries  to  work  directly  with  them  in  saving  energy.  A 
citizens?  advisory  committee  worked  with  the  program  to 
provide  an  outside,  objective  view  of  utility  operations 
and  to  develop  future  procedures  and  policies. 


12.6  SAVINGS  — POTENTIAL  AND  PROGRAMS 

A look  at  the  variety  of  programs  in  consumer  education 
currently  being  sponsored  by  FEA  and  other  agencies  indicates  that  this 
is  an  area  that  offers  significant  potential  savings.  However,  the  success 
of  a particular  program  wi-11  be  hard  to  measure.  In  fact,  the  success  of 
any  proposed  conservation  action  will  depend  on  the  cooperation  and  partici- 
pation of  the  individuals  involved.  To  date,  the  result  has  not  been 
encouraging.  Although  significant  savings  were  obtained  during  the  energy 
crisis,  the  nation  as  a whole  did  not  rally  around  the  flag,  there  are 
many  conjectures  as  to  why  consumers  are  not  conserving: 

They  don't  believe  there  is  an  energy  problem. 

They  think  it  is  a rip-off  by  the  oil  companies. 

They  are  concerned  that  rationing  may  be  an  action  in  the 
future^— (so  they  are  hoarding,  or  they  are  using  all  the 
energy  they  can  while  it  is  available). 

Energy  is  not  expensive  enough  to  force  conservation. 

These  are  only  a few  of  the  suggested  reasons  given  to  try  to  explain  why 
the  American  consumer  has  not  accomplished  a significant  savings.  As 
stated  previously,  the  potential  for  savings  is  significant,  but  the  question 
is  "How  does  one  enlist  the  participation  and  cooperation  of  the  consumer?" 
Several  alternatives  are  discussed  in  the  following  sections. 


12.6.1  MANDATING  CONSERVATION  AeTlON 


One  may  force  participation  in  conservation  by 
some  of  the  following  kinds  of  actions: 


enacting  laws  to  accomplish 


Establish  differential  rate  structures  so  that  the  base  rate  may 
be  relatively  inexpensive, but  additional  consumption  is  priced 
significantly  higher.  ^T.his  escalator  clause  should  encourage 
consumers  to  watch  thei"f  meters  and  reduce  consumption  to  stay 
within  the  base  rate. 
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Force  consumers  to  drive  smaller  cars  or  drive  less  by  restricting 
gasoline  consumption. 

Encourage  support  of  public  transit  by  restricting  parking. 

Prohibit  further  use  of  ornamental  gas  lights  and  pilot  lights. 

An  alternative  to  mandating  conservation  is  to  educate  the  consumer  — 
instill  the  conservation  ethic  in  all  Americans. 


12.6.2  CONSUMER  EDUCATION  — THE  CONSERVATION  ETHIC 

Both  FEA  and  ERDA  currently  have  a variety  of  programs  for  educating 
the  consumer.  For  example,  FEA  will  initiate  a series  of  Citizens  Training 
Institutes  this  fall  and  follow  up  on  the  Project  Conserve  Program.  Bolton 
Institute  has  a contract  for  working  v/ith  school  age  children  and  teachers. 

ERDA  also  has  consumer  education  programs,  but  ERDA  is  more  concerned  with 
the  technological  side  of  the  problem.  Perhaps  ERDA  could  attempt  to 
promote  the  role  of  conservation  through  science  fair-type  proj’ects.  The 
response  to  the  Sputnik  challenge  was  overwhelming.  The  same  level  of 
interest  might  be  kindled  by  conservation  projects. 

Other  areas  of  education  that  could  be  explored  include  .education  of 
energy  consultants  {analogous  to  county  agents  or  home  economists).  These 
energy  consultants  would  visit  individual  homes  and  advise  the  home-owner 
in  reducing  consumption  by  changing  lifestyles,  retrofitting,  etc. 

Funding  should  be  made  available  for  courses  in  energy  conservation  in 
continuing  education  programs  throughout  the  country.  Colleges  and  universities 
are  fertile  grounds  for  educating  consumers,,  if  the  teachers  are  enthusiastic 
about  the  top1c.__The  impacts  of  educating  students  should  be  evident  within 
a short  time  because  they  will  be  buying  homes  and  appliances  in  the  near 
tent.  In  addition  to  courses,  summer  workshops  on  energy  conservation  for 
teachers  should  be  promoted.  In  fact,  the  systems  approach  might  be  adapted 
to  such  a study  in  order  to  illustrate  the  method  for  attacking  a large  problem. 


12.6.3  CHANGING  LIFESTYLES 

Any  comprehensive  proposal  for  dealing  with  energy  conservation  will 
necessarily  include  actions  that  would  result  in  changing  the  lifestyles 
of  Americans.  For  example,  the  minivan  concept  and  other  carpooling  ideas 
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are  actions  that  save  energy  but  require  a commitment  on  the  part  of  the 
individuals  involved.  Most  people  do  not  want  to  give  up  the  convenience 
and  solitude  of  driving  their  own  car  to  work„  To  them,  joining  a car- 
pool  means  a change  in  their  lifestyle.  Depending  upon  public  transporta- 
tion would  be  an  even  greater  change  for  many  people. 

One  idea  that  has  been  suggested  for  saving  some  of  the  energy 
expended  by  housewives  in  shopping  is  to  resurrect  delivery  service.  This 
action  needs  to  be  examined  to  assure  that  its  implementation  would 
result  in  energy  savings.  If  the  assessments  were  positive,  stores  would 
have  to  be  encouraged  to  provide  this  type  of  service. 

Inspection  of  the  preceding  discussions  oh  various  consumer  actions 
reveals  that  the  savings  to  be  obtained  from  these  actions  require  little 
or  no  technical  Innovations.  In  fact,  the  largest  savings  in  the 
consumer  area  could  be  obtained  in  the  near  term.  This  reduction  in 
consumption  might  buy  the  nation  the  time  it  needs  to  develop  alternative 
forms  of  energy.  However,  the  potential  savings  may  never  be  realized 
unless  consumers  become  aware  of  the  problem  and  are  willing  to  change 
their  consumption  patterns. 


12.7  CONCLUSION  AND  RECOMMENDATIONS 

Several  major  ideas  on  energy  conservation  have  been  expressed  by 
the  group  repeatedly.  After  using  the  systems  approach,  the  group  feels 
that  a conservation  action  should  be  proposed  or  mandated  only  after  it  is 
properly  assessed;  i.e.,  a systematic  study  should  be  made  to  determine  the 
requirements  for,  the  alternatives  to,  and  the  impacts  of  implementing  such 
an  action.  For  example,  consider  that  a consumer  parks  the  car  and  rides 
hts  bicycle  to  work  every  day.  Obviously,  he  is  saving  energy  in  the  form 
of  gasoline.  On  the  other  hand,  a more  detailed  assessment  should  ask  the 
question,  "What  does  he  do  with  the  money  he  saves?"  Whether  he  saves  it 
or  spends  it,  energy  will  be  required  to  provide  for  the  freed/monies. 

If  the  consumer  is  armed  with  specific  information,  he  can  purposefully  direct 
the  money  saved  by  bicycling  so  that  he  does  realize  a net  savings  in  energy. 
The  point  is  that  he  must  be  made  aware  of  the  possible  impacts  of  not  spendir 
the  savings  wisely.  [SCI-75-1] 

A second  point  concerns  the  comment  made  by  many  that  the  only  way  to 
have  people  conserve  is  to  let  prices  rise.  In  other  words,  if  gasoline 
prices  rise  sufficiently  high,  people-will  no  longer  be  waiting  in  line  to 
purchase  this  expensive  commodity.  However,  before  deciding  to  decontrol 
the  price  of  oil  and  gas,  one  should  try  to  assess  the  various  impacts  of 
such  an  action.  For  example,  rising  costs  may  indeed  reduce  consumption, 
but  what  about  the  effect  on  the  poor?  Since  the  percentage  of  their 
income  spent  on  energy  is  greater,  they  are  impacted  much  harder.  In 
addition,  there  is  probably  very  little  they  can  do  about  reducing  their 
consumption.  Viable  alternatives  for  dealing  with  the  poor  would  need  to 
be  identified  and  assessed  before  the  action  is  taken. 
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CHAPTER  13.  ECASTAR  SUMMARY  AND  RECOMMENDATIONS 


ECASTAR  presents  a methodology  for  a systems  approach  to  energy 
conservation.  In  order  to  develop  a systems  methodology,  it  was  imperative 
that  a definition  of  conservation  be  found.  In  the  essence  of  the  systems 
approach,  it  was  not  possible  to  completely  define  conservation  until 
the  constraints  and  criteria  that  bound  the  energy  problem  had  been 
identified.  The  group  agreed  to  depict  conservation  as  the  result  of  any 
action  that  improves  the  energy  situation  of  the  U.  S.  in  the  present  and 
near  future.  The  set  of  actions  that  satisfy  this  broad  characterization 
would,  of  course,  be  narrowed  down  by  the  constraints  and  criteria  applied 
by  the  specific  decision-maker.  This  report  contains  a discussion  of  the 
choice  of  relevant  constraints  and  criteria  and  their  application.  Among 
the  most  important  are  the  present  (capitalistic)  structure  of  the  American 
economy,  the  lead  times  necessary  for  implementation  of  relevant  technologies, 
and  the  desire  of  most  policymakers  to  maintain  a reasonable  standard  of 
living  with  a reasonable  amount  of  invulnerability  to  foreign  discretion. 

An  "energy  performance  criterion”  is  discussed  and  to  some  extent  applied 
to  conservation  actions.  It  represents  a basic  choice  between  "net 
economics"  and  "net  energetics”  when  a difference  exists.  Although  many 
of  the  constraints  and  criteria  may  be  quantified,  it  must  be  emphasized 
that  subjective  judgments  remain.  Ascertaining  the  value  of  certain  actions 
to  the  American  public  has  always  presented  a policy  dilemma. 

From  Project  Independence,  the  group  inherited  the  notion  that  there 
are  three  basic  modes  of  conservation; 

To  increase  efficiency  in  energy  use. 

To  curtail  energy  use.  ' 

To  substitute  for  scarce  fuels. 

These  are  not  thought  to  be  mutually  exclusive.  The  third  may  not  intuitively 
appear  to  be  conservation  as  total  energy  use  may,  in  fact,  go  up!  This 
serves  to  emphasize  that  conservation  depends  on  the  criteria  we  impose  on 
these  actions. 

The  objective  of  the  design  group  was  the  assessment  of  the  potential 
and  impact  of  conservation  actions  in  the  United  States.  The  organization 
of  the  group  to  accomplish  the  objective  fell  into  two  categc *ies : 

Assessment  of  conservation  actions  by  sectors  of  the  economy. 

Assessment  of  conservation  actions  related  to  various 

conservation  strategies. 

The  U.  S.  economy  was  divided  into  four  sectors  — energy  industry, 
industry,  residential/commercial , and  transportation.  Each  sector  was 
analyzed  for  conservation  actions  and  their  impacts.  The  sector  analysis 
was  characterized  as  the  systems  design  or  constructive  phase. 
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Parallel  to  this  inductive  effort  was  the  attempt  to  broaden  the 
sector  orientation  by  assessing  the  conservation  potential  and  impact  of 
three  strategies  facing  the  nation  today.  These  strategies  are  diversifi- 
cation, electrification,  and  national  (legislative)  energy  conservation. 

The  three  strategies  selected  for  assessment  represent  the  adjudged  most 
probable  and  most  thoroughly  studied  directions  in  which  the  0.  S.  energy 
system  may  go.  All  three  are  high  technology,  high  government  involvement 
methods  for  achieving  energy  growth  and  very  long  range  energy  sources-and 
policies.  The  three  strategies  are  complementary  in  time  scale,  state  of 
preparation,  and  parties  at  interest.  The  time  scales  for  the  selected 
strategies  are:  national  energy  conservation  (near  term  to  1985),  electri- 

fication (mid- term,  1985-2000),  and  diversification  (2000  and  beyond). 

These  strategies  are  sets  of  related  decisions. 

The  assessment  procedure,  as  indicated  above,  included  input/output 
analysis  to  determine  the  flows  between  sectors,  and  net  energetics  as 
part  of  a performance  criterion  for  the  conservation  actions.  The  major 
feature  of  the  assessment  methodology  was  the  identification  of  targets  of 
opportunity  for  large  net  energy  savings  and  for  the  application  of  advanced 
technology. 

The  potentials  and  impacts  of  citizens'  actions  were  also  discussed. 

The  emphasis  was  on  areas  of  large  potential  savings,  the  need  for  impact 
assessments,  and  the  potential  resistance  of  a reasonably  affluent  society. 


13.1  UNRESOLVED  ISSUES 

An  energy  conservation  program  is  a collection  of  chosen  alternatives. 
Choices  must  be  made  in  the  selection  of  conservation  actions,  in  assigning 
priorities  to  actions,  in  deciding  on  means  of  implementing  actions,  and  on 
ways  of  enforcing-the  program.  A complete  assessment  of  a conservation 
program  would  require  an  analysis  of  the  "ramifications"  attendant  with  each 
choice.  Because  of  time  constraints,  ECASTAR's  assessment  procedure 
focused  on  the  evaluation  of  alternative  (sets  of)  conservation  actions. 

The  primary  emphasis  in  the  evaluation  process  was  identifying  and,  where 
possible,  measuring  the  impacts  that  conservation  actions  would  have  on 
energy  consumption,  employment,  and  production.  Left  as  unresolved  or 
unanswered  were  issues  such  as  the  desirability  of  governmental  initiative 
versus  the  operation  of  .a  free  market  to  implement  conservation.  To  a 
large  extent,  these  non-quantifiable  issues  were  bypassed  because  their 
ultimate  evaluation  depends  on  subjective  criteria.  Choices  made  regarding 
these  Issues  are  choices  which  provide  the  philosophical  underpinnings 
of  a conservation  program.  As  such,  an  evaluation  of  the  costs  and  benefits 
of  alternative  criteria  is  a necessary  phase  of  the  assessment  process.  In 
the  text  that  follows,  some  of  the  "unresolved"  issues  are  highlighted. 

These  issues  are  organized  around  the  major  choices  which  define  the  tradeoffs. 
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13.1.1  CONSUMPTIVE  LIFESTYLES  VERSUS  CONSERVATION  ETHIC 

To  a large  extent,  typical  energy  users  are  not  aware  that  their  homes, 
cars,  businesses,  and  industries  are  wasting  energy.  This  is  partially  true 
because  energy  has  been  too  cheap.  User  costs  often  do  not  reflect  the 
efficiency  and  availability  relationships  between  energy  forms.  Too  much 
promotion,  designed  to  increase  the  use  of  energy,  has  resulted  in  an 
unparalled  consumptive  lifestyle.  Considering  the  fact  that  each  and 
every  American  has  the  equivalent  of  80  energy  men  or  13  energy  horses 
working  for  him  leads  one  to  believe  that  instilling  the  conservation  ethic 
in  the  American  public  will  be  a monumental  task. 

While  escalating  energy  prices  will  undoubtedly  force  adjustments  in 
patterns  of  consumption,  the  variety  of  adjustment  depends  not  only  on 
prices,  but  also  on  tastes,  lifestyles,  and  personal  valuations  of  activities. 
The  choices  resulting  from  relying  on  a freely  operating  market  are  consider- 
ably different  than  the  choices  available  from  a market  which  is  controlled 
via  governmental  intervention.  How  should  these  choice  sets  be  evaluated? 

Who  gains— who  loses?  How  should  these  decisions  be  made?  How  important 
is  individual  choice  and  initiative- in  maintaining  our  quality  of  life... 
our  economic  viability?  What  assumptions  are  implicit  in  the  argument  that 
conservation  can  only  be  achieved  by  legislating  action  rather  than  by 
relying  on  voluntary  action  (whether  conditioned  by  market  forces  or  by  a 
conservation  ethic)? 

It  has  been  argued  that  we  need  conservation  now.  Conserving  now 
involves  choosing  to  consume  less  now  so  that  there  will  be  something 
(perhaps  more)  to  consume  later.  Who  makes  this  choice?  What  are  the 
tradeoffs  implied  by  the  choice?  At  what  point  do  markets  (energy  prices,  e.g.) 
reflect  the  immediacy  of  the  tradeoff? 


13.1.2  ENVIRONMENTAL  STANDARDS  VERSUS  ENERGY  CONSERVATION 

Some  of  the  conflicts  between  energy  conservation  and  environmental 
standards  are  obvious.  For  example,  there  are  some  aspects  of  environmental 
protection  standards  which  would  be  at  odds  with  both  the  spirit  and 
mandate  of  parts  of  an  energy  conservation  program.  The  debate  surrounding 
the  production  of  shale  oil  is  indicative  of  this  dilemma.  Desulfurization 
of  oil  and  coal  requires  additional  energy  in  processing  and  refining. 

Other  conflicts  are  less  obvious.  For  example,  forcing  substitution  for 
oil  and  gas  results  in  increased  consumption  of  coal  or  uranium  with  attendant 
environmental  problems.  As  energy  supplies  become  acutely  scarce,  should 
environmental  standards  regarding  the  use  of  high  sulfur  oil  and  of  coal 
be  relaxed?  What  are  the  choices  and  tradeoffs  that  society  must  make 
between  these  programs?  What  are  the  criteria  that  one  would  need  to  help 
evaluate  the  efficacy  of  these  alternative  actions?  Again,  who  benefits-- 
who  loses?  How  should  such  decisions  be  made? 

One  of  the  major  conflicts  between  environmental  regulations  and  energy 
conservation  is  in  the  area  of  capital  requirements:  Meeting  current 
environmental  standards  will  require  massive  capital  requirements;  these 
will  compete  for  the  capital  available  for  implementing  conservation  actions. 
Will  there  be  sufficient  capital  available? 
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13.1.3  CAPITAL  AVAILABILITY 

In  prescribing  conservation  actions,  tradeoffs  occur  when  finite 
resources  can  be  used  in  competing  ways—  An  obvious  example  is  in  finding 
the  capital  for  implementing  conservation.  In  terms  of  priority,  how  should 
capital  be  allocated— to  energy  conservation  projects,  to  enhance  environ- 
mental quality,  to  finance  the  expension  or  replacement  of  productive 
capacity,  or  to  further  community  development  and  promote  urban  renewal?  How 
are  priorities  determined?  How  should  they  be  determined?  What  are  the 
costs  and  benefits  which  accompany  any  allocation  scheme?  Can  priorities  be 
determined  by  market  criteria?  What  are  the  sources  of  capital  and  how  can 
they  be  enlarged?*  What  are  the  tradeoffs  implicit  in  directing  funds  away 
from  consumption  activities  and  towards  investment  projects?  What  if  the 
redirection  is  away  from  consumption  and  toward  social  Investment?  Should 
the  government  itself  finance  conservation?  How  are  these  decisions  made? 


13.1.4  CENTRALIZATION  VERSUS  DECENTRALIZATION 

This  controversy  makS^  itself  known  in  two  related  ways.  The  first 
represents  the  choice  between  market  competition  and  government  control. 

As  Americans  have  seen,  the  presence  of  monopolistic  elements  in  industry 
and  the  failure  of  the  price  system  to  take  into  account  externalities  and 
the  approach  to  the  end  of  resource  supplies  has  led  to  increased  govern- 
ment intervention.  The  debate  is  lively  in  Congress  as  to  whether  or  not 
the  "free"  market  should  be  allowed  to  determine  its  own  energy  course. 

With  FEA  and  ERDA,  the  government  has  obviously  not  decided  to  remove 
itself  from  the  energy  picture.  Given  this,  the  second  problem  arises  as 
to  whether  to  gear  energy  research  and  development  toward  one  principal 
source  or  to  all  possible  sources.  To  some  degree,  electrification  and 
diversiftcation  present  actions  on  opposite  sides  of  the  debate.  Each 
Strategy  has  important  implications  on  the  political  and  socio-economic 
structure  of  the  U.  S.  In  "crisis"  periods,  we  have  already  seen  a 
threat  to  the  cohesiveness  of  the  U.  S.  itself  as  fuel -rich  areas  were 
beginning  to  resent  the  dependence  of  fuel-poor  areas  upon  them. 


13.1.5  FUEL  RICH  REGIONS  VERSUS  FUEL  POOR  REGIONS 

The  recent  enactment  of  a Louisiana  law  giving  the  state  the  option 
of  retaining  20%  of  their  gas  production  for  sale  within  the  state  rather 
than  shipping  the  gas  out  of  the  state  (with  severance  tax)  points  out  a 
developing  conflict  between  the  energy  producing  states  and  the  energy 
importing  states.  The  resolution  of  this  conflict  requires  careful 
assessment  and  considerable  mediation. 
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13.1.6  SUPPLY  VERSUS  END  USE  CONSERVATION 

Energy  conservation  to  most  people  means  increasing  efficiency  or 
curtailing  use.  Increasing  efficiency  and  good  housekeeping  measures 
result  in  a reduction  in  consumption  with,  few  lifestyle  changes.  Therefore, 
these  conservation  actions  have  considerable  support.  On  the  other  hand, 
reducing  consumption  in  the  final  demand  sector  may,  even  though  it  does 
not  have  widespread  public  support,  have  potentially  greater  savings.  The 
impacts  and  potentials  of  such  actions  must  be  assessed'. 


13.1.7  LIFE  CYCLE  COSTING  VERSUS  INITIAL  COST 

The  .American  consumer,  in  general,  is  concerned  primarily  with  the  • 
initial  cost  of  an  item.  In  the  past,  he  has  been  largely  unconcerned  with 
the  operating  cost  or  the  life  time  of  the  appliance.  Mo.feo.ver,  the 
consumer  is’  not  presently  in  a position  to  be  able  to  determine  the 
operating  cost  of  most  appliances.  In  the  future,  the -consumer  must  be 
made  aware  of  life  cycle  cost  and  the  benefits  derived  from  paying  the 
higher  front  end  cost. 


13.1.8  MANDATORY  SAVINGS  VERSUS  VOLUNTARY-  SAVINGS 

Many  people  feel  that  the  potential  for  reducing  energy  consumption 
is  great  but  that  voluntary  actions  may  not  produce  these  savings.  This 
argument  contends  that  savings  will  be  realized  only  if  product  efficiency 
is  increased  or  If  actions -are' mandated.  A word  of  caution  seems  prudent 
at  this  point.  Before  a conservation  action  is  mandated  or  legislated',  a 
thorough  assessment  must  be  performed.  The  ECASTAR  group  feels  that  the 
systems  approach -coupled  with  technology  assessment  is  a viable  tool  for 
■assessing  these  actions. 


13.1.9  LABOR  INTENSIVE  VERSUS  'CAPITAL -INTENSIVE  ' 

An  area  which  has  received  considerable  attention  involves  the  substi- 
tution between  labor  and  capital.  Is  this  substitution  desirable?  Is  this 
substitution'  possible?  What  are  the  highest  potential  areas  for  trading  off 
between  capital  intensive  versus  labor  intensive  operations?  Should  such 
a tradeoff -be  mandated  or  left  to  be  determined*  by  market  forces?  What  are 
the  ramif.ications  of  such  tradeoffs  on  lifestyles,  per  capita-  food  consumption, 
and  growth? 
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13.1.10  GOVERNMENTAL  CONTROL  VERSUS  FREE  MARKET 

The  market  system  as  it  exists  in  the  U.  S.  cannot  be  characterized 
as  a purely  competitive  (or  free)  market.  The  energy  market  is  no 
exception.  For  example,  a free  market  would  not  include  features  such 
as  the  following:  oil  oligopoly,  regulated  utilities  (both  gas  and 
electric),  price  fixing  by  means  of  public  service  commission  rate 
structures,  and  administered  prices  (common  in  the  oil  industry) - 

One  of  the  oldest  forms  of  government  intervention  in  the  market  is 
import  duty.  Another  is  import  control  (e.g.  oil  quotas).  These  controls 
have  been  used  in  the  past  to  protect  U.  S.  oil  producers  from  foreign 
competition.  They  may  be  necessary  in  the  future  to  protect  domestic  oil 
and/or  domestic  synthetic  fuel  industries  from  being  undercut  by  low- 
priced  foreign  oil  in  the  event  the  "knee-deeper"  theory  (that  high  prices 
will  cause  increased  world-wide  exploration  and  discovery,  and  the  world 
will  rbe  "knee-deep"  in  oil)  is  correct.  Import  controls,  however,  can 
result  in  retaliatory  measures  by  other  countries.  Therefore,  such  controls 
should  be  used  with  caution. 

Some  people  feel  that  many  of  the  energy  problems  faced  fay  the  U.  S. 
today  are  the  direct  result  of  controls  and  regulations  on  oil  and  natural 
gas,  not  to  mention  restrictions  affecting  the  various  industries  comprising 
the  American  transportation  sector  and  current  rate  regulations  governing 
utilities.  These  advocates  of  the  free  market  argue  that  better  planning 
and  adaptation  to  dynamic  economic  circumstances  can  be  accomplished,  not 
by  extending  government  regulations  and  controls  on  individuals  and  busines- 
ses, but  rather  by  removing  these  restrictions  and  allowing  these  entities 
fuller  freedom  of  action  to  meet  future  challenges.  [Littmann-75] 

Consider  the  problem  posed  by  mandating  energy  efficiency  standards. 

The  case  for  compulsory  standards  on  producers  rests  on  the  hypothesis  that 
consumers,  functioning  in  an  unconstrained  market,  would  select  energy 
inefficient  commodities  over  a more  efficient  but  higher  priced  alternative. 
The  standards  are  intended,  of  course,  to  restrict  and  limit  the  production 
and  sale  of  items  ranging  from  air  conditioners  to  large  (gas  guzzling) 
automobiles.  In  fact,  standards  would  also  be  used  to  force  first  costs  to 
reflect  the  energy  costs  inherent  in  any  commodity.  The  possibility  that 
some  consumers,  even  if  the  true  life  cycle ‘costs  were  known  and  fully 
understood,  would  still  choose  to  buy  energy  inefficient  commodities  is  not 
admitted  by  the  mandated  hypothesis.  Conservation  can  be  achieved  by 
driving  a large  automobile  less  frequently.  By  mandating  uniform  responses, 
the  range  of  consumer  response  is  constrained.  To  what  extent  should 
individual  choice  be  discarded  in  deference  to  a preceived  (and  prescribed) 
coimion  goal?  Have  we  precluded  against  the  possibility  that  a conservation 
ethic,  in  conjunction  with  an  individual's  personal  valuation  of  a commodity, 
will  be  as  effective  as  mandated  action? 

On  the  other  hand,  a careful  examination  of  the  energy  situation  reveals 
that  the  government  may  be  able  to  influence  the  energy  market  without 
exercising  unacceptable  dictatorial  control.  Some  of  the  options  are 
already  being  exercised  by  government.  Table  13.1.10-1  lists  a variety 
of  these  options  and  some  of  the  areas  impacted  by  these  actions. 


TABLE  13.1.10-1.  FEDERAL  GOVERNMENT  POLICY  OPTIONS  THAT  IMPACT  ENERGY  PRODUCTION  AND  CONSUMPTION 


Effect  on: 


Policy  Area  

Taxation 

Price  Controls 

Import  Controls 

Energy  Performance  Standards 

Environmental  Regulation 

Land  Use  Regulation 

Research  and  Develooment  Sunport 

Government  Stockpiling 

Government  Subsidy 

Leasing  Federal  Resource  Land 

Building  Codes 

Allocation  of  Scarce  Fuels. 

Mandatory  Restriction  of  Energy  Use 
Control  of  Utilities 

X - direct,  definable  effect 
a)  Geothermal,  Oil  Shale,  and  Solar 


Production 


Consumption 


X X 

X X 

X 


X X X X 

X X . X 

X X X X 

X X X X 
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Transportation 


13.2  RECOMMENDATIONS 


While  it  is  left  to  policymakers  themselves  to  examine  the  specific 
actions  and  assessments  discussed  in  ECASTAR  in  terms  of  their  own  day- 
to-day  decisions,  some  broad  recommendations  are  given  in  the  sections  below. 


13.2.1  UTILIZE  SYSTEMS  APPROACH 

After  using  the  systems  approach  to  study  energy  conservation,  the 
group  felt  that  it  was  a valuable  tool  with  which  to  assess  conservation 
actions  "in  toto".  In  using  this  approach,  any  conservation  actions  or 
group  of  actions  must  be  characterized  in  terms  of  a clearly  defined  group 
of  constraints  and  criteria  that  are  established  before  beginning  to 
construct  a conservation  policy  or  strategy.  These  constraints  and 
criteria  may  need  modification  during  the  iterative  process. 

Feasible  actions  can  be  identified  by  applying  the  constraints  and 
criteria  to  all  the  actions.  These  actions  must  be  analyzed  further  to 
determine  the  impacts  on  other  sectors,  society,  economy,  environment, 
etc.  This  could  lead  to  a listing  of  advisable  actions  (those  having 
impacts  which  are  least  objectionable). 

Two  of  the  methods  of  analysis  displayed  in  the  study  (undoubtedly 
there  are  more)  were  net  energetics  and  input-output  analysis.  These 
techniques  provided  a method  for  a more  in-depth  examination  of  contemplated 
actions.  This  second  look,  which  is  not  often  taken,  may  be  of  utmost 
importance. 


13.2.2  PROVIDE  ACTION/IMPACT  ASSESSMENT 

Many  conservation  actions  have  been  proposed  --  few  have  been  subjected 
to  a thorough  analysis.  The  group  feels  that  the  systems  approach,  coupled 
with  technology  assessment,  can  be  used  to  provide  the  in-depth  analysis 
needed  to  assess  a potential  conservation  actions.  For  example,  if  a 
consumer  is  going  to  be  asked  to  make  a significant  lifestyle  change,  he 
naturally  wants  to  know  what  the  results  of  these  changes  will  be.  He 
might  also  be  interested  in  being  informed  as  to  the  alternatives  to  this  ■ 
particular  course  of  action.  Citizens  may  be  much  more  cooperative  in 
saving  if  they  understand  that  continuing  consumption  may  result  in 
unnecessary  adverse  impacts.  In  other  words,  the  advantages  and  dis- 
advantages of  each  action  can  be  displayed  when  the  action  is  proposed. 


13.2.3  ESTABLISH  REGIONAL  ENERGY  CENTERS 

The  ECASTAR  group  recommends  that  regional  energy  centers  be 
established  throughout  the  nation.  These  centers  would  be  interdisciplinary 
in  that  they  will  possess  expertise  in  the  many  areas  that  bear  on  the 
energy  situation,  e.g.  technical,  legal,  environmental  among  others.  The 
center  would  be  a disseminator  of  energy  information  to  interested  parties 
and  serve  as  a focal  point  for  organization  of  citizen  participation  in 
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energy  matters.  In  addition,  such  a center  would  be  able  to  collect, 
analyze  and  verify  regional  level  information  on  the  impacts  of  energy 
policies.  The  advantages  of  a regional  level  organization  are  the 
fol lowing: 


Regional  energy  centers  could  allow  more  citizen  participation 
in  the  decision-making  process.  Increasing  citizen  involvement 
may  result  in  greater  response  to  energy  conservation  challenges. 

Regional  centers  should  be  able  to  present  a more  personal 
view  of  the  energy  problem  to  the  residents  of  that  region. 

Much  of  the  potential  for  conservation  resides  with  the 
individual  consumer.  For  this  reason,  a large,  centrally  located 
federal  program  may  not  be  as  effective  as  regional  centers  from 
which  viable  information  could  be  more  easily  dispersed.  The 
ultimate  success  of  any  energy  conservation  program  lies  in 
consumer  acceptance  of  that  program. 

The  problems  facing  each  region  may  be  similar,  but  they  are  not 
the  same.  Problems  could  be  identified  by  region.  Some  data 
are  already  available  by  regions,  and  collecting  additional  data 
should  be  easier  on  a regional  basis.  Industries,  v/ith  their 
specific  problems,  could  be  Identified  and  dealt  with  initially 
on  a regional  basis,  e.g.  the  Prengle  study  on  Texas  industry 
[PRE-74J. 

The  I/O  model  could  be  disaggregated  by  regions  or  states.  Then, 
these  regions  could  be  connected  so  that  differential  impacts 
over  time  might  be  identified.  Existing  econometric  models  of 
regions  and  states  would  be  easier  to  link  to  such  a regional 
model . 

The  regional  energy  center  would  function  and  interact  with  various 
groups  as  shown  in  Figure  13.2.3-1.  Information  and  expertise  on  energy 
matters  would  be  transmitted  to  such  parties  as  citizens'  organizations 
and  governmental  units.  These  groups,  partly  through  their  use  of  this 
information,  would  develop  local  and  regional  energy  policies.  These 
policies  would  make  major  contributions  toward  developing  national  energy 
policies.  Also,  feedback  to  the  energy  centers  as  a result  of  the  inter- 
actions would  be  analyzed  by  the  center  for  impacts,  policy  assessments  and 
other  vital  information.  This  data  would  be  forwarded  to  other  individuals 
and  groups  for  additional  analysis  and  national  energy  policy  formulation. 


13.2.4  DEVELOP  CONSTRAINTS  AND  CRITERIA  FOR  EVALUATING  ENERGY  ALTERNATIVES 

A basic  reason  for  failure  to  develop  a national  energy  policy  has 
been  the  inability  to  arrive  at  a consistant  set  of  constraints  and  criteria 
for  evaluating  energy  alternatives.  A program  of  national  energy  independence 
may  ultimately  result  in  increased  inflation,  capital  shortages, 
unemployment  and  other  undesirable  social  impacts.  What  is  the 
country  willing  to  pay  for  what  degree  of  energy  independence?  These  ideas 
have  not  been  adequately  presented  to  the  formers  of  public  opinion  with 
the  consequence  that  no  national  consensus  has  yet  been  achieved. 
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FIGURE  13.2.3-1.  INTERACTIONS  OF  REGIONAL  ENERGY  CENTERS 
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While  several  orcianizations  have  served  to  propose  solutions  to  the 
problems,  nowhere  have  these  proposals  been  evaluated  on  a systematic 
comparative  basis.  The  failure  to  carefully  analyze  the  fundamental  constr- 
aints and  criteria  has  heretofore  precluded  such  evaluation  and  has  ' 
forstalled  efforts  to  arrive  at  a consensus  in  developing  an  overall 
policy.  The  recommendation  is  made  that  a broadly  based  task  group  drawn 
from  technical,  legal,  economic  and  public  sectors  be  formulated  to  aid  in 
developing  a generally  acceptable  set  of  overall  constraints  and  criteria. 


13.2.5  IMPROVE  TECHNOLOGY  ARTICULATION  WITH  GOVERNMENT 

The  group  urges  that  a climate  be  created  which  will  enhance  the 
articulation  between  persons  and  institutions  directly  responsible  for 
technical  inventions  and  those  responsible  for  creating  the  laws  of  the 
society. 

Issues  dealing  with  energy  supply  and  conservation  are  among  the  more 
contemporary  examples  of  the  interrelationships  between  technology,  science, 
and  the  political  process.  Unfortunately,  it  appears  as  if  the  communica- 
tion links  between  the  "technical  inventors"  (engineers  and  scientists) 
and  the  "social  inventors"  (legislators)  are  but  weak  and  tenuous  and  in 
need  of  strengthening. 

Engineering  has  been  defined  as  the  application  of  the  fruits  of 
science  to  the  "benefit"  of  mankind.  The  word  "benefit"  is  the  challenging 
one.  That  which  accrues  as  a benefit  to  one  individual  may  very  well  be 
another  individual's  cost.  As  technology  assumes  a more  pervasive  role 
in  our  society,  as  our  life  styles  increasingly  become  linked  with  our 
choices  of  technology,  perhaps  a new  look  needs  to  be  taken  at  the  ways 
in  which  our  society  allocates  resources.  It  is  necessary  to  determine 
who  bears  the  costs  and  who  reaps  the  benefits  arising  out  of  decisions 
involving  technology.  As  local,  state,  and  federal  governments  increasingly 
grapple  with  technological  issues,  it  becomes  apparent  that  the  big  questions 
the  political  system  determines  are  resource  allocation  and  the  distribution 
of  costs  and  benefits  within  a society. 

Since  the  links  between  "technical  inventors"  and  "social  inventors" 
are  perceived  to  be  less  than  ideal,  steps  should  be  taken  by  both  the 
technical  community  and  the  legislative  community  to  create  a climate 
which  can  strengthen  these  links.  Specific  actions  in  this  direction 
might  be  to: 

Establish  systems  analysis  and  technology  assessment 
capability  within  legislative  bodies  at  all  levels  of 
government.  The  composition  of  such  activities  and  modes 
of  integration  and  operation  will  be  somewhat  unique  for 
each  level.  Perhaps  at  the  local  and  state  levels  a 
substantial  degree  of  citizen  participation  is  needed 
^ so  that  feedback  to  the  community  can  be  enhanced. 
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Create  engineering  and  science  internship  positions  at  all 
levels  of  government  so  that  technical  students  might  have 
the  experience  now  available  to  political  science,  economics, 
and  law  students.  By  this  means,  the  systems  analysis  and 
technology  assessment  point  of  view  might  be  used  on  some  of 
the  technology-legal  issues  being  addressed  by  law  makers. 

Establish  reward  structures  within  academic  institutions  to 
encourage  these  persons  to  make  contributions  at  the  technical - 
legal  interface. 

Assumptions  in  the  above  include  the  following: 

Engineering,  science  and  technology  play  an  increasingly 
complex  interactive  role  in  our  society; 

Large  issues  involving  technology  are  resolved  by  our 
political  system; 

Our  political  system  works  best  when  it  is  used  by  our 
citizens;  and 

Engineering,  science  and  technology  involvement  in  this 
political  process  is  not  as  strong  as  it  should  be  in  view 
of  items  one  and  two  above. 


13.2.6  DESIGN  TOTAL  ENERGY  SYSTEMS 

Our  society  has  reached  a point  in  time  when  we  should  use  the 
systems  approach  to  explore  alternative  energy  systems  for  the  future. 
Present  R & D activities  by  a new  institution,  ERDA,  represent  a step 
in  that  direction,  as  discussed  in  Chapter  11.  But  perhaps  an  even 
broader  perspective  is  needed. 

Why  now?  It  has  been  said  that  western  technological  society  in 
many  ways  is  at  a watershed  point  in  history,  A major  perturbation  to  our 
system,  such  as  the  one  it  received  from  the  recent  oil  shortage  problem, 
can  be  a major  stimulus  which  is  capable  of  eliciting  a host  of  creative, 
innovative  responses  in  technical  and  socio-institutional  ways.  To  an 
engineer,  for  example,  the  requirement  that  he  create  his  design  within 
a new  framework  of  energy  constraints  can  lead  to  many  new  and  ingenious 
ways  to  meet  the  problem.  In  a broader  sense,  an  institutional  response 
to  the  "energy  crisis"  is  already  evident  in  the  creation  of  several 
new  institutions  for  coping  with  energy  problems.  ERDA  is  a prime  example 
of  this  kind  of  institutional  response. 

There  are  many  other  trends  apparent  in  our  society  at  this  time 
which  suggest  that  now  is  the  time  to  look  broadly  at  alternative  energy 
systems.  One  area  which  perhaps  needs  to  be  given  more  attention,  from  a 
systems  analysis  and  technology  assessment  point  of  view,  is  the  design 
of  total  energy  systems  which  are  decentralized  and  which  return  autonomy 
in  energy  source  to  individuals  or  smaller  institutional  entities  such  as 
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neighborhoods,  cities  or  regions.  Illustrative  of  such  systems  are  the 
Modular  Integrated  Utility  Systems  (MI US)  which  are  presently  being 
explored  by  Housing  and  Urban  Development  (HUD)  and  NASA.  Developments  1n 
solar,  wind,  trash  burning  and  other  energy  systems  coupled  with  the  climate 
of  "creative  shock",  discussed  earlier,  might  produce  (with  additional 
R & D)  very  fruitful,  economically  feasible,  decentralized  total  energy 
systems  for  our  future. 

Total  energy  systems  of  a decentralized  nature  imply  major  shifts 
in  contemporary  institutional  arrangements  and  lifestyles  such  that  it 
is  imperative  that  a systems  approach  and  technology  assessment  be-  used 
in  exploring  these  possibilities. 


13.2.7  UTILIZE  EXISTING  SYSTEMS  APPROACH  EXPERTISE 

As  the  results  of  the  research  and  development  and  data  collection 
programs  accumulate,  the  need  for  a way  to  integrate  all  this  information 
becomes  evident.  Large  systems  planning  is  required.  One  way  to  organize 
this  mass  of  data  is  to  formulate  a methodology  for  integrating  the 
diversity  of  information  from  ERDA,  FEA,  the  proposed  regional  energy 
centers,  etc.  This  methodology  could  provide  an  integrated  energy  system 
that  is  badly  needed  by  this  country.  It  would  help  in  establishing 
priorities  for  research  funding,  in  formulating  national  energy  policy, 
and  in  providing  a constant  interative  process  for  refining  the  data.  The 
cooperation  of  organizations  and  institutions  with  expertise  in  the 
systems  approach'  and  technology  assessment  methodology  would  be  needed 
to  initiate  such-  a program  for  long  range  planning  for  the  nation. 


13.3  EPILOGUE 

These  recommendations  will  not,  of  course,  end  the  energy  policy 
impasse.  They  are  meant  to  give  direction  and  organization  to  the 
task  of  gaining  information  and  insight  on  an  energy  future  with  conservation 
as  a significant  variable.  It  is  indeed  time  for  all  'specialists  to 
become  interacting  members  of  a "united  whole"  so  that  energy  options  will 
be  put  in  correct  perspective. 


APPENDIX  A.  ABBREVIATIONS 


AEC  - Atomic  Energy  Commission 

BBL  - Barrel,  Petroleum  Measure,  42  Gallons 

BEA  - Bureau  of  Economic  Analysis 

BLS  - Bureau  of  Labor  Statistics 

BTlf  - British  Thermal  Unit 

BHR  - Boiling  Water  Reactoi* 

CAB  - Civil  Aeronautics  Board 

CAC  - Center  for  Advanced  Computations 

CD  - Calendar  Day 

CDAY  - Calendar  Day 

COP  - Coefficient  of  Performance 

DA  - Day 

DOC  “ Department  of  Commerce 

DOI  - Department  of  Interior 

DOT  - Department  Tf^transportation 

EBOPD  - Equivalent  Barrels  Oil  Per  Day 

EC  - Energy  Cost 

EHV  - Extra  High  Voltage 

El  - Energy  Intensiveness 

EEA  - Energy  and  Environment  Analysis  Incorporation 

EPA  - Environmental  Portection  Agency 

EPRI  - Electric  Power  Research  Institute 

ERDA  - Energy  Research  and  Development  Administration 

ESI  - Equivalents  Sphere  of  Illumination 

F - Fahrenheit 

FE  - Fuel  Economy 

FEA  - Federal  Energy  Administration 

FPC  - Federal  Power  Commission 

FT  - Feet 


GAL  - Gallon 

GE  - General  Electric  Corporation 

GWe  - Gigawatt  Electrical 

HP  - Horsepower 

HTGR  - High  Temperature  Gas  cooled  Reactor 

ICC  - Interstate  Commerce  Commission 

lES  - Illuminating  Engineering  Society 

I/O  - Input-Output 

KWe  -Kilowatt  Electrical 

KWh  - Kilowatt-Hour 

LCC  - Life-Cycle  Cost 

LHFBR  - Liquid  Metal  Fast  Breeder  Reactor 

LNG  - Liquid  Natural  Gas 

LWR  - Light  Water  Reactor 

Hanuf  - Manufacture 

MBT  - Minimum  Spark  Timing  for  Best  Torque 

MBTU'S  - One  Thousand  BTU's 
MMBTU'S  - One  Million  BTU's 
MCF  or 

WHCF  - Million  Cubic  Feet 

MCFDA  - Million  Cubic  Feet  per  Day 

HPG  - Miles  per  Gallon 

MPH  - Miles  per  Hour 

HSFC  - Marshall  Space  Flight  Center 

HVA  - Mega  Volt-Amperes 

HWe  - Megawatt  Electric 

NASA  - National  Aeronautics  and  Space  Adminisi 

NBS  - National  Bureau  of  Standards 

NCSL  “ National  Conference  of  State  Legislatur 
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NG  - Natural  Gas 

NGL  - Natural  Gas  Liquids 

NPC  - National  Petroleum  Council 

NRC  - National  Regulatory  Commission 

NSF  - National  Science  Foundation 

OCS  - Outer  Continental  Shelf 

OPEC  ' Organization  of  Petroleum  Exporting  Countries 

PH  - Passenger  Hiles 

PUR  - Pressurized  Hater  Reactor 

QUAD  - Quadrillion  BTU  (BTU  x 10^^) 

R&D  - Research  and  Development 

RO&D  - Research  Development  and  Demonstration 

S - Sulfur 

SCB  - Survey  of  Current  Business 

SCF  - Standard  Cubic  Feet  of  Gas 

SIC  - Standard  Industrial  Classification  Code 

SN6  - Substitute  Natural  Gas 

SPG  - Synthetic  Pipeline  Gas 

SRI  - Stanford  Research  Institute 

TCF  - Trillion  Cubic  Feet 

Thous  - Thousands 

UHV  - Ultra  High  Voltage 

UHTA  - Urban  Hass  Transportation  Administration 

USGS  - United  States  Geological  Survey 

VH  - Vehicle  Hiles 

YD  - Yards 

YR  - Years 
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APPENDIX  B.  UNITS  AND  CONVERSION  FACTORS 


Despite  attempts  to  institute  a universal  set  of  physical  units, 
there  are  units  of  measure  that  are  peculiar  to  various  segments  of  indus- 
try. Thus,  in  order  to  compile  data  for  all  of  industry,  unit  equivalences 
must  be  known. 


Table  B-1  lists  several  of  the  energy  equivalents  used  in  this  report. 
Table  B-2  defines  the  prefixes  and  their  symbols  in  use  today.  Several 
commonly  needed  conversion  factors  are  presented  in  Table  B-3. 


B.  1 ENERGY  UNITS 

The  British  Thermal  Unit  (BTU)  is  the  basic  unit  of  energy  in  many 
measurements.  A BTU  is  defined  as  the  amount  of  heat  energy  required  to 
increase  the  temperature  of  one  pound  of  water  by  one  degree  Fahrenheit. 

The  quad  is  one  quadrillion  (10‘^)  BTU's.  The  quad  should  not  be  confused 
with  the  Q which  has  been  used  in  the  past  and  was  defined  as  10^®  BTU's. 

The  watt-hour  is  a unit  often  used  to  express  quantities  of  electrical 
energy.  The  watt-hour  is  equivalent  to  3.41  BTU's. 


The  barrel  (bbl.)j  used  as  an  energy  unit,  refers  to  the  standard  barrel 
(42  gallons)  of  crude  oil  and  is  defined  as  having  an  energy  content  of 
5,800,000  BTU.  Thus,  the  energy  content  of  any  fuel  can  be  expressed  in 
barrels  of  crude  oil  equivalent  (BCOE).  For  instance,  heavy  distillate 
has  a higher  energy  content  than  crude  oil  (6,960,000  BTU/bbl.)  so  that 
its  energy  rating  is  1.2  BCOE/bbl . The  equivalent  energy  value  of  crude 
oil  plus  natural  gas  liquids,  NGL,  (5.5  x 10°  BTU/bbl.)  is  .95  BCOE/bbl. 

This  combination  is  peculiar  to  oil  and  gas  production  statistics. 


B.2  POWER  PLANT  RATINGS 

Care  must  be  exercised  when  plant  capacities  are  considered.  Confusion 
often  exists  as  to  whether  the  thermal  energy  input  or  the  electrical 
energy  output  is  being  discussed.  The  thermal  input  and  electrical  output 
are  related  through  the  efficiency  of  the  particular  power  plant.  The  rated 
output  normally  refers  to  the  plant's  maximum  capacity  to  produce  power. 

Thus,  a nuclear  power  plant  having  a rated  electrical  output  of  1 GW  would 
be  "burning"  3 GW  in  reactor  fuel  when  at  maximum  capacity. 


However,  power  plants  do  not  run  at  maximun  capacity  all  of  the  time 
since  the  load  to  be  met  will  vary  hourly.  Also,  the  maintenance  down-time 
of  the  plant  must  be  considered.  Overall,  the  load  factor  and  plant  factor, 
with  the  plant's  efficiency,  determine  the  amount  of  energy  consumed  by  a 
plant.  The  equation  below  shows  the  relation  between  rated  capacity  and 
energy  used. 


GWe  = Q-N- 


(B.2-1) 


Where, 

GWe  = rated  electrical  capacity 

Q = energy  in  fuel  burned 

N = thermal  efficiency 

L = load  factor 
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TABLE  B-1 . ENERGY  EQUIVALENTS 


1 barrel  (42  gallons)  of  crude  oil  = 5.8  x 10®  BTU 
1 barrel  of  crude  oil  + NGL  = 5.5  x 10°  BTU 
1 cubic  foot  of  natural  gas  = 1035  BTU 
1 gallon  of  gasoline  = 125,OOOBTU 


1 BTU  = 1055  joules 
1 Kilowatt  = 10^  watts  electrical 
1 Megawatt  = 10®  watts  electrical 
1 Gigawatt  =10^  watts  electrical 
1 Kilowatt  hour  = 3412  BTU 
1 Quad  = 10T5  BTU 

1 Quad  = 1,724  x 10°  barrels  of  crude  oil 

1 Quad  = 40  X lOS  short  tons  of  coal 

1 Quad  = 9.662  x 10'>1  ft.°of  natural  gas 
1 Quad  = 70  X 10®  short  tons  of  lignite 

1 Quad  per  year  = 0.472  million  barrels  of  crude  oil  per  day 


TABLE  B-2..  PREFIXES 


Multi  pi ier 

Prefix 

Symbol 

10l2 

tera 

T 

109 

giga 

G 

10® 

mega 

M 

10^ 

kilo 

k 

102 

hecto 

h 

10 

deka 

da 

lo-i 

deci 

d 

10'-2 

centi 

c 

10-3 

itiilli 

m 

10-6 

micro 

A 

10-9 

nano 

n 

10-12 

pi  CO 

P < 

10-15 

femto 

f 

10-18 

atto 

a 

TABLE  B-3.  CONVERSION  FACTORS 


To  Convert  From 

10 

Multiply  By 

angstrom  (A) 

British  thermal  unit  (BTU) 

calorie  (c) 

erg 

horsepower  (hn) 
kip 

langley 

phot 

kilowatt  hour  (kWh) 

BTU/ second 
cubic  foot 
acre 

acre-foot 

meter  (m) 

joule  (J) 

joule  (J) 

joule  (J) 

watt  (W) 

newton  (N)  . 

joule/meter^ 

lumen/meter^  (lm/m2) 

joule  (J) 

watt  (W) 

gallons 

square  feet  (ft^) 
gallons 

10-10 

1055 

746 
4448 
41840 
10000  ^ 
3.6  X 10° 
1055 
7.48 
43,560 
325,851 

Temperature 

Celsius  (C) 
Fahrenheit  (F) 

kelvin  (K) 
kelvin  (K) 

t|^  = tc  + 273.15 
“ 0 ^ 459. 

Fahrenheit  (F) 

Celsius  (C) 

t(,  = 1 (tp  - 32) 

Rankine  (R) 

kelvin  (K) 

APPENDIX  C.  ALTERNATE  ENERGY  PERFORMANCE  CRITERIA 


In  evaluating  actions  that  may-  be  considered  conservation,  there  is  a 
need  to  establish  a criterion  in  terms  of  energy  use  itself.  This  appendix 
begins  with  a discussion  of  efficiency  in  general.  It  goes  on  to  discuss 
thermodynamic  and  economic  efficiencies  as  they  relate  to  energy  choices. 

These  are  brought  together  as  they  relate  to  the  criterion  most  used  in  the 
real  world,  the  criteria  that  should  be  used  and  the  implications  of  any  imposed 
criteria  on  energy  systems.  Some  broad  and  specific  examples  are  evaluated 
in  terms  of  these  criteria,  especially  "net  energetics". 


C.l  EFFICIENCY  CRITERIA 

Efficiency  is  defined  as  the  ability  to  produce  a desired  effect  with  a 
minimum  of  effort,  expense  or  waste.  A coefficient  is  generally  associated 
with  it,  but  the  word  is  often  used  without  explicit  reference  to  the  spec- 
i'fic  units  of  measurement,  the  specific  desired  effect  and  the  system  for 
achieving  such  an  effect.  The  intent  of  this  section  on  energy  performance 
criteria  is  to  provide  a partition  of  energy  decisions  made  under  different 
concepts  of  efficiency. 

"Effort"  in  the  above  definition  shall  be  considered  as  the  amounts  of 
energy  {First  law-of  thermodynamics)  or  available  work  (Second  Law)  that  are 
associated  with  achieving  the  desired  effect.  This  is  discussed  in  Section 
C.1.1.  "Expense"  in  Section  C.l. 2 implies  the  dollar  costs  of  an  action 
expressed  in  a first-cost  or  a life-cycle  cost  sense.  "Wastes"  are 
characterized  in  Section  C.l. 3.  These  concepts  are  brought  together  in 
Section  C.2  in  terms  of  their  implications  for  energy  conservation.  In 
Section  C.3,  the  big  issues,  which  are  the  main  focus  of  this  report  are 
broadly  evaluated  in  terms  of  our  energy  performance  criteria.  A somewhat 
analogous  endeavor  is  undertaken  in  Section  C.4  for  comparisons  between 
alternate  methods  for  steam  generation  for  a 100  MW  electrical  generating 
plant.  The  alternates  are  solar,  nuclear,  coal  and  oil,  compared  on  bases 
of  first  cost  and  life  cycle  cost;  a net  energetics  analysis  is  also  given 
for  the  solar. 


-G-2 


C.1.1  EFFORT 

The  energy  measure  most  often  used  when,  evaluating  the  performance 
or  setting  goals  for  technological  improvement  of  engines,  appliances, _ 
industrial  processes  etc.  is  energy  efficiency  which  arises  from  the  First  Law 
of  thermodynamics.  The  First  Law  may  be  stated  as:  Energy  can  be  neither 

created  nor  destroyed,  but  only  converted  from  one  form  to  another.  First 
Law  energy  efficiency  is  a comparison  of  the  useful  energy  output  of  a process 
or  system  to  the  energy  input  necessary  to  obtain  that  desired  output.  Thus 
an  increase  in  energy  efficiency  can  be  thought  of  as  a decrease  in  the 
amount  of  energy  (effort)  necessary  to  produce  a desired  output. 

When  making  comparisons  between  alternate  ways  of  performing  an  activity 
or  setting  a goal  for  that  activity  in  terms  of  energy  efficiency,  the  defini- 
tion of  the  specific  situation  must  always  be  carefully  stated.  That  is, 
the  efficiency  that  is  being  referred  to  must  be  defined  relative  to  a 
system  and  a process.  There  are  many  energy  efficiencies  that  can  be  defined 
for  a given  system.  The  choice  of  which  to  use  is  often  the  deciding  factor 
in  whether  the  system  performance  is  good  or  bad.  For  example,  when  referring 
to  the  efficiency  of  a power  plant,  a qualifying  statement  must  be  made  as 
to  whether  the  energy  input  is  taken  to  be  the  raw  fuel  energy  in  or  the 
heat  input  to  the  working  fluid  at  the  boiler.  Likewise,  the  point  of 
measurement  and  form  of  the  energy  output  must  be  stated.  Is  it  the 
electricity  at  the  bus  bars,  electricity  delivered  to  end  use  or  total 
energy  out  of  the  system  consisting  of  electricity  plus  the  heat  energy  out 
in  the  cooling  water.  This  concept  must  also  be  kept  in  mind  when  specify- 
ing standards  of  performance  or  desired  increases  in  performance,  and 
when  comparing  two  energy  using  systems  or  devices.  An  example  is  the 
setting  of  a goal  of  20%  increase  in  efficiency  for  a specific  type  of 
energy-using  consumer  product.  The  definition  of  efficiency  must  be  cast 
in  terms  of  specific-statements  as  to  what  the  input  and  output  energies 
are,  and  how  they  are  to  be  measured. 

The  First  Law  of  thermodynamics  states  that  all  forms  of  energy  are 
equivalent  in  that,  when  one  form  of  energy  disappears,  an  equal  quantity 
in  another  form  appears.  The  First  Law  makes  no  attempt  to  designate  whether 
or.  not  a system  or  process  is  ideal  or  to  specify  the  direction  the  process 
must  take.  For  all  systems  the  First  Law  is  a bookkeeping  device  to  ensure 
that  energy  is  neither  created  nor  destroyed  but  merely  changed  in  form. 

The  second  law  of  thermodynamics  recognizes  that  all  forms  of  energy  are 
not  equal  in  their  ability  to  do  work  — some  forms  of  energy  are  more 
valuable  than  others.  All  real  processes  convert  energy  from  the  more 
useful  to  the  less  useful  forms,  i.e.,  energy  is  degraded.  For  example, 
high-quality  energy  (fossil  fuels,  nuclear  energy,  hydropower)  is  converted 
to  other  forms  of  high  quality  energy  (electricity,  work,  high  temperature 
heat)  plus  some  low  quality  energy  (low  temperature  heat).  As  an  example 
of  the  difference  in  grade  of  energy,  consider  the  energy  contained  in  the 
cooling  water  from  a power  plant.  Although  this  water  contains  a great 
deal  of  energy,  its  quality  is  low.  That  is,  because  of  its  very  low 


temperature,  very  little  useful  work  (high  grade  energy)  can  be  obtained 
from  it.  The  First  Law  of  Ihermodynami cs  cannot  reflect  the  degradation  of 
energy  from  high  grade  to  low  grade  during  an  energy  conversion  process 
since  its  satisfaction  merely  requires  energy's  being  conserved.  A measure 
of  the  performance  of  a system  which  does  reflect  the  degradation  of  energy 
is  the  Second  Law  efficiency  or  effectiveness.  The  effectiveness  is  defined 
in  terms  of  available  energy  which  is  actually  consumed  in  a process  unlike 
energy  which  is  conserved.  "Available  energy  is  the  maximum  portion  of 
energy  that  could  be  transformed  into  useful  work  by  processes  which  reduce 
the  system  to  a state  in  equilibrium  with  the  earth  and  its  atmosphere" 
[Obert-63].  The  effectiveness  is  defined  as: 

e = increase  in  available  energy  of  desired  output 

decrease  in  available  energy  required  to  obtain  output 

That  is,  it  is  the  ratio  of  the  least  available  energy  that  could  perform 
the  task  to  the  available  energy  actually  consumed  in  doing  the  task  with  a 
particular  system  or  device.  The  utility  of  the  Second  Law  efficiency  is 
that  it  emphasizes  .processes  where  there  is  a mismatch  between  the  grade 
of  the  input  energy  and  the  grade  of  the  desired  energy  output.  For  example, 
although  the  First  Law  efficiency  of  a gas  furnace  is  70%,  its  effectiveness 
is  only  about  13%.  Since  the  desired  output  from  this  system  is  low  grade 
energy  (low  temperature  heat),  the  low  value  of  the  effectiveness  is  an 
indication  that  high  quality  energy  has  been  used  to  obtain  a low  quality 
result  or  that  low  quality  energy  input  could  have  been  used  to  obtain  the 
same  desired  result.  A good  example  of  a process  that  would  have  a high 
effectiveness  and  use  low  grade  energy  (e.g.,  from  the  cooling  water 
mentioned  above)  would  be  to  use  waste  heat  from  a power  plant  or  industrial 
process  for  space  heating-.  A more  subtle  example  would  be  an  Indication 
that  more  emphasis  should  be  placed  on  improving  combustor  performance  in 
a power  .plant  than~on  improving  the  condenser  performance.  This  is  true 
because  more  available  energy  is  lost  in  the  combustor  than  in  the  condenser 
although  the  opposite  is  true  for  energy  losses. 

The  effectiveness  is  an  indicator  of  how  well  a specific  device 
executes  specific  task  relative  to  how  efficiently  that  task  could  have 
been  performed  by  an  Ideal  (best  possible)  device.  It  is  also  a measure 
of  how  much  improvement  is  possible.  Maximizing  the  effectiveness,  will 
minimize  energy  consumption  for  a given  task.  The  distinction  between 
First  and  Second  Law  efficiencies  may  be  extremely  important  in  that  it 
could  indicate  where  funds  should  be  allocated  for  research  and  development 
aimed  at  increasing  energy  performance  of  systems  and  devices. 

The  concept  of  energy  efficiency  can  be  extended  to  include  all  the 
energy  inputs  necessary  to  obtain  a good  or  service,  I.e.,  NET-ENERGETICS. 
Net-energetics  is  an  energy  accounting  scheme  whereby  the  total  energy  cost 
(energy  inputs  in  BTU,  kwh,  etc.)  of  providing  a good  or  service  is 
considered.  Only  when  we  know  the  total  energy  cost  of  a good  or  service, 
can  we  determine  the  energy  conserved,  by  consuming  one  good  or  service 
instead  of  another,  or  by  substituting  a new  technology  for  another.  Energy 
inputs  (or  cost)  to  provide  a good  or  service  are  classified  as  direct 


or  indirect.  Direct  energy  is  that  consumed  at  the  end-use  point,  such  as 
oil  used  in  a furnace,  gasoline  used  in  an  automobile  or  electrical  energy 
to  produce  a given  product.  Indirect  energy  is  that  which  has  gone  into 
the  various  activities  and  raw  materials  which  were  necessary  for  .the 
production  of  a good  or  service,  such  as  energy  which  has  gone  into  the 
production  of  the  raw  materials,  energy  expended  to  provide  plant  and 
equipment,  etc.  There  are  several  levels  at  which  net  energetics  can  be 
applied,  distinguished  from  each  other  by  the  degree  to  which  indirect 
energy  costs  are  charged  to  the  good,  service,  or  process.  Figure  C. 1.1-1 
illustrates  various  levels  of  net  energetics.  This  concept  is  similar  to 
economic  analysis  in  that  accounting  techniques  charging  overhead  to  the 
production  cost  per  unit  of  output  and  life  cycle  costing  are  used.  These 
techniques  have  been  extensively  employed,  but  the  energy  costs  have  not 
been  handled  In  this  way.  Energy  costs  are  embodied  to  some  degree  in 
financial  costs. 

At  its  simplest  level,  a net  energetics  analysis  considers  the  energy 
required  to  produce  a given  product.  This  energy  Is  subtracted  from 
the  energy  which  will  be  saved  if  the  product  or  process  is  substituted 
for  another.  For  example,  if  insulation  is  installed  in  a house  to  decrease 
the  energy  consumption  for  space  heating,  the  energy  cost  of  producing 
that  insulation  would  be  subtracted  from  the  gross  energy  savings  to 
determine  a net  savings  over  the  life  of  the  insulation  (assumed  same  as 
house).  The  next  level  would  consider  the  conversion  and  distribution 
losses  associated  with  the  energy  used  in  producing  the  Insulation 
on  until  a portion  of  all  energy  inputs  associated  with  the  product  are 
charged  to  it.  In  addition,  the  money  saved  by  the  home  owner  might  be 
used  to  buy  goods  or  services  which  have  energy  inputs  associated  with  them 
which,  in  a complete  analysis,  should  also  be  charged  in  part  to  the 
insulation  (of.  Table  C.l  .1-1).  One  means  of  performing  a net  energetics 
analysis,  especially  when  many  levels  are  to  be  studied,  is  to  use  an  input- 
output  model  of  the  economy.  This  technique  can  be  employed  to  study  the 
effect  that  a change  in  energy  demand  in  one  sector  has  on  all  other 
sectors'  energy  demands.  It  can  also  be  ised  to  determine  all  the  energy 
inputs,  both  direct  and  indirect,  that  go  into  a unit  of  a good  or  service.  • 
This  identifies  areas wth  high  energy  use  and  high  potential  for  energy 
conservation.  An  example  of  how  this  technique  would  be  applied  to 
computations  of  various  levels  of  net-energetics  is  given  below.  The 
essential  point  is  that  net-energetics  can  look  at  the  direct  and  indirect 
energy  costs  of  any  output  of  the  system.  Although  the  initial  thermo- 
dynamic focus  is  on  energy  to  get  energy,  the  input-output  analysis  can 
be  used  to  expand  this  to  energy  to  get  products  and  services. 

The  input-output  total  and  direct  requirement's  matrices  can  be  used 
to  illustrate  various  levels  of  net  energetic  computations.  For  this  dis- 
cussion assume  there  are  only  3 industries  in  the  economy:  mining,  manufact- 
uring, and  energy^  The  total  and  direct  requirements  are  given  in  Tables 
C.l .1-2  and  C.l. 1-3. 
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FIGURE  C. 1.1-1.  LEVELS  OF  NET  ENERGETICS 


TABLE  C. 1.1-1.  THE  ENERGY  AND  LABOR  INTENSITY  OF  20  ACTIVITIES  OF  HIGHEST 
PERSONAL  CONSUMPTION  EXPENDITURES  (PCE]  [Hannon-75] 


PCE  sector  description 

Energy 

inlcnsity 

(Btupcr 

dollar) 

Labor 
intensity 
(jobs  per 
$1000) 

PCE  sector  description 

Energy 
intensity 
(Blu  per 
dolinr) 

Labor 
intensity 
(jobs  per 
SIOOO) 

Eicctricity 

502.500 

00436 

(Federal  taxes) 

(36,300) 

Gasoline  and  oil 

480.700 

0.0729 

Women’s  and  children’s  clothing 

38,100 

(Housing) 

-{144.000) 

(NA) 

Rcslaurams 

32,400 

0.0875 

(Auto  ownership) 

(111.500) 

(.081) 

Men's  and  boys'  clothing 

31,400 

00984 

Cleaning  preparations 

78,100 

0.0733 

Religious  and  welfare  activity 

27,800 

0 0863 

(Average  PCE) 

(70,000) 

(0.080) 

Private  hospitals 

26.100 

0 1718 

Kitchen  and  household  appliances 

58,700 

0 0551 

Automobile  repair  and  maintenance 

23,500 

0.0483 

New  and  used  cars 

55,600 

0.0775 

Financial  interests  except  insurance 

21,500 

0.0784 

Other  durable  house  furniture 

54,600  • 

0.0894 

Tobacco  products 

19,800 

0.0585 

(Private  investment) 

(45,600) 

(0.065) 

Telephone  and  telegraph 

19,000 

0.0585 

Food  purchases 

41,100 

0.0852 

Rented  home 

18,300 

Furniture 

36.700 

0.0917 

Physicians 

10,700 

0.0325 

Own  home 

8,300 

0.0167 

TABLE  C.l .1-2.  TOTAL  REQUIREMENTS 
Dollars  of  input  to  produce  one  dollar  of  final  demand 


Energy 

Mining 

Manuf 

Energy 

1.3 

.2 

A 

Mi ni ng 

.2 

1.2 

.1 

Manuf . 

.1 

.1 

1.3 

TABLE  C.l. 1-3.  DIRECT  REQUIREMENTS 
Dollars  of  input  per  dollar  of  total  output 


Energy 

Mining 

Manuf 

Energy 

.20 

.11 

.24 

Mi  ni ng 

.13 

.29 

.18 

Manuf. 

.06 

.06 

.27 
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Further  assume  we  know  total  BTU's  purchased  by  mining  and  manufacturing, 
and  total  BTU's  supplied  by  energy.  The  transacted  BTU/$  ratios  are  given 
in  Tabl e C.l .1 -4. 

One  way  of  assigning  an  energy  cost  (E.Ci)  to  a dollar  of  total  output 
is  to  simply  use  the  transacted  BTU/$  ratio.  At  this  level  energy  cost/$ 
is  5,  10,  and  10  BTU's  respectively. 


Level.  1 


The  toal  requirements  matrix  shows  what  the  total  input  requirements 
are  to  produce  $1  of  final  demand.  These  inputs  can  be  converted  to  BTU 
inputs  and  summed  to  get  the  E.C.  in  terms  of  transacted  BTU's  for  each  In- 
put. For  example,  under  this  scheme  the  E.C.  for  the  energy  industry  would  be 

[1.3  X 5]  + [.2  X 10]  + [.1  X 10]  = 9.5  BTU's/$ 

The  numbers  (and  E.C.  rankings)  change  because  each  input  may  have 
different  level  1 E.C. 's  (cf.  Table  C.l. 1-5). 


Level  2 


If  the  numbers  in  Table  C.lil-5  represent  more  precise  estimates  of 
the  energy  cost  to  produce  $1  of  final  output,  vie  can  recompute  the  BTU 
total  requirements.  For  example,  the  E.C.  for  the  energy  industry  would 
now  be: 


[1.3  X 9.5]  + [.2  X 13.0]  + [.1  X 16]  = 16.55  BTU's 


Some  care  should  be  used  in  interpreting  this  number.  16.55  represents 
the  E.C.  based  on  directly  transacted  BTU's  (5,  10,  10)  and  on  the 
non-directly  purchased  energy  imbedded  in  the  inputs. (viz.  4.5,  3,  6,  are 
determined  by  subtracting  corresponding  elements  in  Table  C.l. 1-4  from  those 
in  Table  C.l .1-5) • 


C.l. 2 EXPENSE 

Efficiency  in  a broad  economic  sense  -is  achieved  when  society  chooses 
an  allocation  of  resources  such  that  no  one  individual  can  be  made  better 
off  (in  terms  of  his  own  evaluation)  without  making  at  least  one  other 
individual  worse  off.  An  important  aspect  of  this  idealized  criterion  is 
that  it  is  difficult  to  compare  individual  values  to  each  other  in  any 
meaningful  way.  Hence,  statements  cannot  in  general  be  made  regarding  the  al- 
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TABLE  C. 1.1-4.  TRANSACTED  BTU/$ 

Energy  purchased  as  such  to  produce  one  dollar  of  final  demand. 

Energy  1.5 

Mining  2.10 

Manuf.  3. TO 

TABLE  C. 1.1-5.  LEVEL  1 E.C.  BTU'S  ($  FINAL  DEMAND) 


direct 

+ 

indirect 

Energy 

9.5  = 

5 

+ 

4.5 

Mining 

13.0  = 

10 

+ 

3.0 

Manuf. 

16.0  = 

10 

+ 

6.0 

TABLE  C.l.T-6.  LEVEL  2 REEVALUATED  ENERGY  COST 

Energy  16.5 
Mining  19.1 


Manuf. 


25.9 
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location  of  energy  resources  among  individuals.  It  is  then  left  to  the  market- 
place to  provide  individual  agents  with  prices  upon  which  they  make  energy 
decisions.  Since  these  prices  fail  to  take  into  account  external  by- 
products caused  by  these  decisions  (e.g.,  pollution,  urbanization,  etc.) 
and  the  approach  of  scarce  resources  to  their  inevitable  limits,  market 
decisions  based  on  them  are  thought  unreliable  in  a social  sense. 

In  the  absence  of  some  social  welfare  index,  we  must  look  at  individual 
decisions  in  terms  of  the  costs  to  the  individual  himself  and  simply 
postulate  on  the  impacts  of  his  actions.  In  making  energy  systems  choices, 
the  individual  may  consider  only  the  initial  costs  (labor,  machinery, 
materials,  etc.)  of  implementing  that  system.  Many  decisions  are  made 
according  to  first-cost  efficiency.  This  means  that  an  individual  will 
choose  the  system  which  minimizes  the  initial  cost  of  implementation. 

There  is  no  attention  paid  to  the  operation  of  the  system  through  time. 

A second  expense  criterion  is  called  the  system  life-cycle  cost 
method.  It  incorporates  not  only  the  initial  cost  of  the  energy  system, 
but  the  discounted  present  value  of  the  stream  of  expected  energy  costs 
in  the  future.  If  P is  the  present  price,  r the  discount  rate,  n=l,  ...,  N 
the  number  of  periods  of  asset  life  and  Cn  the  operating  costs  in  period  n, 
then  the  formula'for  life-cycle  cost,  LCC,  is 


LCC  = P + E 

n=l 


'-n 


(C.1.2-1) 


Although  it  is  in  dollar  terms,  it  accounts  for  energy  utilized  at 
prices  that  are  expected  to  go  up  in  the  future  by  at  least  the  rate  of 
inflation.  The  individual's  feeling  about  the  future  is  incorporated  in 
the  subjective  discount  rate.  It  is  felt,  then,  that  LCC  is  a better 
criterion  for  energy  decisions.  Although  major  business  concerns  have  used 
it  for  some  time,  the  residential  and  small  commerciaT  decision-makers 
seem  largely  unaware  Of  it.  It  is  intermediate  between  first-cost  and 
the  net-energetics  criteria  proposed  above. 


C.1.3  WASTE 

Figure  C. 1.3-1  depicts  the  order  of  attack  of  an  efficiency  program 
on  waste.  The  total  consumption  to  accomplish  the  task  has  a peripheral 
amount  which  attention  or  technology  could  reduce  or  eliminate.  Next  there 
is  an  amount  of  consumption  dictated  by  the  practical  consideration  of 
producing  goods  and  services  at  a profitable  rate.  There  two  elements  of 
the  waste  stream  could  in  principle  be  converted  to  useful  products  if 
a task  could  be  developed  to  utilize  the  waste  stream  or  if  the  process 
could  be  modified  to  render  the  stream  useful.  Waste  control  is  therefore 
not  just  elimination.  There  is  potential  for  turning  waste  to  productive 
ends. 
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FIGURE  C. 1.3-1. 
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A trade  off  exists  at  the  next  level,  that  of  alternate  processes. 
Careful  consideration  should  be  given  to  the  character  of  the  v/aste 
stream  in  seeking  lower  total  consumption.  It  could  well  be  that  more 
benefits  could  follow  from  a process  which  consumes  slightly  more  in 
accomplishing  the  task  if  the  waste  stream  is  tailored  to  some  task.  The 
opposite  is  even  true  in  that  old  “wasteful"  processes  may  be  retained  in 
order  to  preserve  a secondary  process  dependent  on  the  waste  stream.  This 
attitude  of  analyzing  with  the  product  and  waste  streams  for  increased 
potential  utility  will  increase  as  we  exhaust  the  easy  waste  reduction 
options  and  move  on  to  major  actions  involving  whole  system  substitutions 
instead  of  component  or  sub-system  changes. 

The  third  point  to  be  gleaned  from  the  diagram  is  that  the  best 
measure  of  achievements  or  potential  is  the  state  of  the  art  limits,  not 
the  theoretical  limits.  As  was  pointed  out  in  Chapter  3,  most  tasks  do  not 
have  a theoretical  limit  such  as  the  Carnot  efficiency  because  they  require 
evaluation  of  intangibles.  The  suggested  rule  is  to  compare  performance  to 
process  dependent  limits  rather  than  ideals. 

The  treatment  of  waste  requires  these  wider  views  in  order  not  to 
overlook  potentials  for  overall  gains  in  fruitless  pursuit  of  ideals. 


C.2  IMPLEMENTATION  OF  PERFORMANCE  CRITERIA 

The  disjoint  discussions  of  effort,  expense  .and  waste  provide  alternative 
criteria  for  judging  energy  systems.  They  are  to  be  joined  here  in  a discussion 
of  substitution. 

Substitution  can  simply  be  considered  as  the  choice  of  an  alternative 
to  replace  a previously  chosen  one.  It  was  seen  in  Figures  1.2. 1-1  and  Fig- 
ure T.2..T-2  of  Chapter  1 that  consumers  and  producers  attempt  to  achieve 
their  various  objectives  by  combining  energy  inputs,  material  goods  and 
services.  Some  obvious  areas  for  substitutions  are  technologies  (extraction 
processing,  manufacturing,  and  final  use),  energy  sources,  materials  for 
energy,  dollars  for  energy,  and  comfort  for  other  wants.  Substitution  is 
such  a general  concept  that  the  three  modes  of  conservation  described  above 
can  be  expressed  in  terms  of  it.  Substitution  of  plentiful  for  scarce  fuels 
is  an  obvious  one.  Increasing  energy  efficiency  entails  a substitution  of 
energy-using  hardware.  Curtailing  energy  end-use  is  a substitution  of 
consumer  wants  for  one  another.  The  status  quo  can  serve  as  the  base  choice 
in  any  substitution. 

First-cost,  life-cycle  cost  and  net-energetics  can  be  used  at  any  level 
of  the  resource  chain  to  evaluate  potential  substitutions.  They  are  all 
essentially  examples  of  cost-benefit  analysis.  In  the  absence  of  detailed 
information  all  along  the  resource  chain,  there  seems  no  better  way  to 
illustrate  the  point  than  a hypothetical  example.  The  latter  presents 
various  substitutions  of  processes.  As  mentioned  above,  this  is  only  one 
area  in  which  they  may  occur. 
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As  depicted  In  Figure  C.2-1 , consider  energy  resources,  ALPHA-18  and 
ALPHA-19  that  can  be  gotten  out  of  the  ground  by: 

(El)  Extraction  1 (deep  room  mining) 

(E2)  Extraction  2 (open  pit  mining). 

Once  out  of  the  ground,  ALPHA-18  or  ALPHA-19  is  used  by  a firm  (at  the 
site)  in  combination  with  labor,  capital  and  other  materials  in  two 
processes: 

(PI)  Process  1 (chemical  reduction:  cracking) 

(P2)  Process  2 (physical  reduction:  grinding) 
to  produce  BETA. 

BETA  is  used  by  a manufacturing  firm  (also  at  the  site)  to  produce 
GAMMA  by  either: 

(Ml)  Manufacture  1 (assembly  line) 

(M2)  Manufacture  2 (total  product  produced  by  each  worker). 

Local  consumers  use  GAMMA  by  either: 

(Cl)  Consume  1 (internal) 

(C2)  Consume  2 (external) 

to  obtain  PLEASURE  from  Cl  or  KNOWLEDGE  from  C2.  This  is  schematically 
represented  in  Figure  C.2-1. 

The  possible  substitutions  are  ALPHA-18  vs  ALPHA-19,  El  vs  E2, 

PI  vs  P2,  Ml  vs  M2,  Cl  vs  C2,  and  using  ALPHA-18  and  ALPHA-19  for  entirely 
different  purpose. 

It  is  assumed  that  the  techniques  in  each  category  use  the  same  amounts 
of  labor  and  other  materials,  but  a different  "machine"  and  different  amounts 
of  energy.  Hypothetical  data  for  these  processes  in  terms  of  the  performance 
criteria  are  given  in  Table  C.2-1.  The  energy  efficiency  column  measures 
the  BTU's  per  dollar  of  output  of  the  firm.  As  noted  above,  a true  net-ener- 
getics would  take  into  account  all  the  indirect  as  well  as  direct  energy. 

This  point  is  ignored  in  the  example.  The  stars  (*)  represent  the  efficient 
choices  by  each  criterion  in  the  five  two-row  comparisons.  These  are  called 
CATEGORY  CHOICES.  In  cases  where  the  decision  - maker  would  be  indifferent, 
there  is  no  star. 
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FIGURE  C.2-1.  SCHEMATIC  DIAGRAM  OF  POTENTIAL  SUBSTITUTION 


TABLE  C.2-1.  MEASURING  RODS  FOR  ACTIONS 


ACTIVITY 

, FIRST-COST 
$ thousands 

LIFE-CYCLE  COST 
$ thousands 

EKERGY  EFFICIENCY 
BTU/S  OUTPUT 
BTU  (THOUSANDS) 

El  (18) 

*100 

*350 

*10 

E2  (18) 

150 

400 

12 

El  (19) 

.200 

280 

14 

E2  (19) 

200 

*260 

*8 

PI 

90 

*100 

5 

P2 

*80 

no 

*4 

Ml 

50 

*80 

*1 

M2 

*30 

90 

9 

Cl 

10 

25 

7 

zz 

*5 

25 

7 

The  data  in  Table  C.2-1  have  been  arranged  so  as  to  include  cases 
where  the  criteria  yield  the  same  choice  and  different  choices.  The  differ- 
ences depend  on  the  relationships  of  the  price  of  the  machine  to  its  energy 
operating  costs  over  time,  and  the  life-cycle  cost  to  the  number  of  BTU's 
used  per  dollar  output.  The  first  is  based  on  empirical  facts.  Included  are 
positive,  constant  and  negative  relationships.  The  second  is  based  on  the 
relationship  of  dollars  to  BTU's,  and  is  discussed  below.  Again  positive, 
constant  and  negative  relationships  are  displayed. 

In  order  to  discuss  substitution,  the  * choices  El (18),  P2,  M2,  C2 
according  to  the  first  cost  measure  will  be  considered  the  status  quo 
choices.  CROSS-CATEGORY  SUBSTITUTIONS  are  made  among  the  various  cate^ 
gories  in  the  resource  chain.  Potentials  for  substitutions  may  exist  at 
each  level,  but  some  are  better  than  others.  It  is  assumed  that  large 
numbers  of  substitutions  cause  economic  disruption.  They  then  may  be 
ranked  in  terms  of  each  non-status  quo  criterion.  Table  C.2-2. 
presents  the  savings  according  to  each.  The  change  from  El(18)  to  E2(19) 
is  the  greatest  LCC-saving  substitution.  According  to  energy  efficiency, 
however,  the  Ml  to  M2  substitution  presents  the  greatest  savings.  The 
substitution  of  C2  for  Cl  does  not  benefit  or  hurt  the  decision-maker. 


A crucial  element  in  an  accounting  system  such  as  net-energetics  is 
a proper  treatment  of  the  system  boundary.  This  includes  processes  within 
the  boundary  and  flows  across  it.  Serious  problems  arise  in  utilizing  the 
accounting  system  as  a relative  measure  of  performance  when  systems  dif- 
ferences are  not  properly  recognized  and  weighted  in  the  comparison. 

Problems  arise  in  specifying  the  system  boundary.  The  level  of 
generality  can  be  chosen  in  many  different  ways,  as  mentioned  above. 

The  problems  include  double  accounting  of  indirect  energy  flows,  unequal 
assignment  of  boundaries  to  alternate  systems,  and,  excess  generality. 

The  last  alters  the  relative  size  and  assignments  of  aggregate  flows 
among  systems-  The  simplest  systems  such  as  a generator  dr  pump  have 
well-defined  boundaries  for  measuring  direct  efficiency,  life-cycle 
costs,  and  even  energy  imbedded  in  their  manufacture.  All  the  boundaries 
begin  to  become  ill-defined  as  more  levels  of  accounting  are  included. 

The  flows  crossing  the  boundaries  of  a system  present  two  problems 
in  measurement.  The  energy  flows  themselves  are  simple  to  measure  and 
compare.  The  imbedded  flows  into  or  out  of  the  system  are  much  more 
difficult  to  asses.  Also,  the  charging  of  imbedded  flows  to  downstream 
users  often  requires  arbitrary  partitioning  of  the  flow.  In  comparing 
alternate  systems  as  an  assessment  of  their  relative  merits,  it  is  nec- 
essary to  weight  the  different  forms  and  amounts  of  input  and  output  flows. 
In  particular  the  character  and  impact  of  waste  streams  or  by-product 
streams  may  differ  significantly. 

Since  the  distribution  of  an  imbedded  quantity  like  energy  with 
respect  to  number  of  units  is  apt  to  be  very  skewed,  the  energy-weighted 
average  and  the  dollar  weighted  average  would  give  different  rates  than 
the  gross  ration.  The  most  important  addition  to  energy  accounting  in 
the  trend  toward  net-energetics  is  the  valuation  of  waste  and  by-product 
and  recycling  streams  in  terms  of  their  potential  value  impacts.  The 
flow  of  impacts  is  like  a flow  of  costs  or  charges  back  into  the  process. 
This  is  an  internalization,  of  those  things  such  as  pollution  which  used 
to  be  strictly  outside  the  system  boundary. 


TABLE  C.2-2  GAINS  FROM  SUBSTITUTION 


SUBSTITUTION 

LIFE  CYCLE  SAVINGS 
($  X 103) 

ENERGY  SAVINGS 
(BTU  X 103) 

El  (18)  to  E2  (19) 

350  - 260  = 90 



10  - 8 = 2 

P2  to  PI 

o 

J — • 

II 

o 

o 

o 
1 — 

STAY  AT  P2 

M2  to  Ml 

90  - 80  = 10 

9-1=8 

C2  to  Cl 

INDIFFERENT 

INDIFFERENT 
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In  comparing  alternate  systems,  the  last  point  of  difference  is  the 
activity  within  the  boundary.  There  are  lost  potentials,  impacts,  and 
charges  (or  credits)  to  the  process  within  that  boundary. 

The  exact  application  of  an  energy  accounting  method  is  going  to 
require  considerable  experience  and  testing  of. methods  for  assigning 
boundaries  and  weighting  differences  in  input  flows,  output  flows,  and 
opportunities.  As  an  example,  1:he  reader  needs  only  to  recall  the 
potential  system  boundary  charge  associated  with  waste  heat  utilization 
by  power  plants. 

The  essential  point  of  the  example  is  that  most  energy  systems  in  the 
real  world  are  chosen  on  a first  cost  basis.  It  appears  to  be  difficult 
to  get  the  average  citizen  to  consider  life-cycle  costing  and  energy  efficiency 
criteria.  The  latter  two  have  the  potential  to  alleviate  some  of  the  U.S. 
energy  problems. 

The  relation  of  dollar  costing  to  net-energetics  is  basically 
tied  to  the  mapping  between  dollars  and  BTU's.  Life-cycle  cost  as  well  as 
first-cost  may  yield  energy  choices  that  are  detrimental  in  a net-energetics 
sense.  This  is  principally  caused  by  the  problems  with  energy  prices  as 
discussed  in  Section  C.1.2  above.  It  has  been  warned,  however,  that  the  energy 
shortage  may  be  a passing  phenomenon.  It  follows  that  a BTU  theory 
of  value  may  place  too  much  importance  in  the  future  on  a commodity  that 
is  relatively  scarce  today.  This  latter  viewpoint  will  essentially  obviate  the 
need  for  net  energetics  criteria.  Until  the  energy  scarcity  does  indeed  pass, 
the  need  for  alternative  energy  accounting  methods  will  remain.  More  needs  to- 
be  done  specifically  to  determine  the  degree  of  disparity  between  dollar  and 
and  energy  measures.  Of  particular  importance  because  of  its  previous  neglect 
is  the  relation  of  energy  prices  to  energy  availability  in  the  sense  of  the 
Second  law  of  thermodynamics. 


C-3  APPLICATION  OF  THE  CRITERIA  TO  MAJOR  ISSUES 

The  efficiency  and  energy  accounting  concepts  discussed  above  should 
always  be  considered  when  planning  or  implementing  a strategy  that  has  wide- 
spread effect  on  energy  consumption  patterns.  Three  such  programs  currently 
being  considered  or  in  some  stage  of  implementation  are:  Electrification  -- 

the  move  toward  an  electric  economy;  Diversification  — the  move  toward 
several  different  energy  sources;  and  National  Energy  Conservation  — a 
move  toward  a widespread  energy  conservation,  and  oil  policy  in  the  United 
States.  Each  of  these  strategies  involves  several  actions  which  should  be 
analyzed  and  compared  by  application  of  criteria  including  those  discussed 
above. 


Representative  actions  included  in  the  eTectrifi cation  strategy  are 
conversion  to  coal  for  electric  power  generation;  conversion  to  nuclear 
energy  for  electric  power  generation; .development  of  electric  automobiles; 
development  of  electric  fixed  rail  transit;  installation  of  heat  pumps 
for  space  conditioning;  and  installation  of  electric  furnaces  for  indus- 
trial applications.  Justifications  which  are  cited  by  proponents  of 
electrification  are  that  i.t  will  make  use  of  fuels  which  are  plentiful 
relative  to  gas  and  oil;  electric.ity  used  correctly  will  imply  that 
energy  supplies  be  used  more  efficiently;  adequate  power  generating 
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plant  load  leveling  will  result  in  more  efficient  use  of  economic 
resources.  In  light  of  these  justifications,  each  of  the  actions  included  in 
the  electrification  strategy  should  be  analyzed  relative  to  alternative 
means  of  accomplishing  the  same  effect.  Three  of  the  criteria  which  should  be 
applied  while  making  the  analysis  are  energy  efficiency  {including  net  ener- 
getics), economic  efficiency  and  examination  of  the  creation  of  waste  and 
opportunities  for  its  use.  For  example,  when  considering  the  conversion  to 
coal  and  nuclear  energy,  a net  energetics  study  should  be  done  which  considers 
all  of  the  direct  and  indirect  energy  inputs  which  go  into  the  production 
of  a unit  of  output  --  electricity.  Some  studies  have  indicated  that  from 
the  viewpoint  of  this  criterion,  these  alternatives  do  not  appear  to  be  at- 
tractive relative  to  oil  or  gas-fueled  plants.  When  the  second  energy 
performance  criterion  is  applied,  however,  the  use  of  these  alternate  fuel 
sources  becomes  more  attractive.  Finally,  an  examination  of  the  waste  created 
when  primary  energy  is  converted  to  electricity  reveals  that  apparently  more 
energy  is  wasted  (2/3  to  cooling  water)  than  where  primary  energy  is  used 
directly.  This  introduces  the  concept  of  looking  at  the  entire  system 
from  the  mine  or  well  to  the  final  end  use  point.  The  electric  car  and 
heat  pump  illustrate  this.  If  the  energy  is  traced  from  its  source  through 
the  various  phases  of  use  and  conversion  from  a net  energetics  standpoint, 
a very  good  case  .can  be  made  for  the  electric  heat  pump  as  opposed  to  direct 
use  of  primary  energy.  For  the  case  of  the  electric  car,  an  analysis  employ- 
ing net-energetics  and  life-cycle  costing  may  indicate  steps  in  the  energy 
use  chain  where  development  will  lead  to  higher  overall  energy  and  financial 
efficiencies  with  the  added  advantage  of  fuel  substitution  and  electric 
generating  plant  load-leveling.  Ifmeans  for  using  the  waste  heat  from 
power  plants  can  be  devised,  the  overall  efficiency  of  the  entire  system 
(both  energy  and  economic]  will  be  greatly  increased  and  the  biggest  potential 
drawback  to  electrification  will  be  alleviated. 

On  the  other  hand,  some  of  the  actions  (e.g.  rapid  transit)  contemplated 
in  the  electrification  strategy  may  not  be  attractive  from  a net-energetics 
and/or  an  economic  standpoint.  At  any  rate,  each  action  must  be  analyzed  in 
light  of  all  the  other  actions  using  a net^energetics  and  life-cycle  costing 
approach. 

Some  of  the  actions  which  are  included  in  the  diversification  strategy 
are  the  development  of  solar. energy,  geothermal  energy,  oil  from  oil  shale 
and  energy  from  ocean  thermal  gradients.  Conversion  to  coal  and  nuclear 
are  also  actions  which  are  considered  in  the  diversification  strategy  and 
overlap  with  electrification. 

Each  of  these  actions  is  a prime  example  of  those  which  should  be 
thoroughly  examined  from  a net-energetics  and  life-cycle  costing  standpoint. 

In  fact,  such  analyses  have  been  carried  out  on  some  of  them.  They  will  not 
only  indicate  whether  a given  action  is  feasible,. but  will  also  indicate 
the  stages  in  the  energy  use  chain  where  increased  technological  develop- 
ment is  needed  and  should  be  concentrated.  A net-energetics  analysis  for 
each  of- these  alternate  energy  sources  would  consider  all  of  energy  inputs 
that  are  required  to  obtain  a unit  of  output.  Economic  analysis  would 
have  to  consider  the  net  economic  cost  of  producing  a unit  of  output  and 
weigh  this  against  the  cost  of  producing  the  same  output  by  conventional 
means.  It  is  difficult  to  assign  an  energy- or  financial  value  to  the 
utility  of  avoiding  having  "all  of  your  eggs  in  one  basket"  and  making  use 
of  all  available  energy  sources. 
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National  Energy  Conservation  proposes  basic  actions  which  should  be 
taken  "To  increase  domestic  energy  supplies  and  availability;  to  restrain 
energy  demand;  to  prepare  for  energy  emergencies;  and  for  other  purposes." 
Six  of  the  basic  actions  which  might  be  proposed  are  establish  a price 
ceiling  on  oil;  restrict  gasoline  demand  to  1974  levels;  establish 
mandatory  automobile  efficiency;  establish  industrial  efficiency  improve- 
ments; establish  energy  labeling  and  efficiency  standards  for  consumer 
products  other  than  automobiles;  conversion  from  oil  or  qas  to  other  fuels. 
Again  the  methods  of  net-energetics  and  life-cycle  costing  should  be  applied 
to  each  of  these  actions  and  to  the  overall  strategy.  For  example,  estab*- 
lisment  of  energy  efficiency  standards  for  automobiles  may  lead  to  increased 
use  of  energy  intensive  materials  such  as  aluminum  and  plastic  and  result 
in  increased  use  of  energy.  From  a life-cycle  cost  viewpoint,  lighter 
cars  {if  this  is  one  way  increased  efficiency  is  achieved)  may  end  up  cost- 
ing the' consumer  more  in  operating  costs  in  the  long  run  because  of  less 
durability.  A more  subtle  point  is  the  question  of  how  the  consumer  will 
make  use  of  any  saving  that  might  accrue  from  energy  savings.  If  he 
spends  it  on  energy  intensive  activities,  the  action  may  turn  out  to  be 
counter-productive.  The  same  principles  can  be  applied  to  industrial 
efficiency  improvements  and  increased  consumer  product  efficiency.  The 
means  of  achieving  these  improvements  must  be  analyzed  in  light  of  their 
energy  and  monetary  costs  to  determine  if  indeed  a savings  will  be  realized. 
The  price  ceiling  on  oil  may  also  lead  to  increased  energy  consumption  as 
well  as  higher  costs  in  the  long  run.  This  action  may  impede  development 
of  alternate  sources  or  increase  oil  use  for  other  than  electrical  genera- 
tion. It  appears  that  some  of  these  actions  may  be  at  odds  from  a net 
energetics  standpoint  and  a need  for  such  an  analysis  which  considers  all 
of  the  actions  together  is  strongly  indicated. 

C.3.2  INPUT-OUTPUT  ANALYSIS 

Input-output  analysis  is  a descriptive  mode!  of  an  economy.  Its  appeal 
is  that  it  exhibits  the  relationship  between  the  volume  of  output  generated 
by  an  industry  and  the  size  of  the  Inputs  going  into  that  production.  It 
is  an  important  tool  because  it  permits  the  tracing  of  the  flows  of  inter- 
industry transactions  as  well  as  the  composition  of  gross  national  product. 

Fundamental  to  the  understanding  of  the  input-output  flow  is  the 
distinction  between  the  total  output  produced  by  an  industry  and  the  final 
demand  for  the  products  of  an  industry.  Gross  national  product,  GNP,  as 
defined  by  the  Department  of  Commerce,  is  either  computed  as  the  sum  of 
final  product  flows  or  as  the  sum  of  the  incomes  generated  in  GNP  production. 
Components  of  final  product  flows  are  .personal  consumption  expenditures, 
gross  private  domestic  investment,  net  exports  of  goods  and  services,  and 
government  purchases  of  goods  and  services.  Lumped  together  these  define 
aggregate  demand.  On  the  other  side,  some  of  the  incomes  generated  in  the 
production  of  GNP  are  compensation  of  employees,  proprietor's  income, 
rental  income  of  persons,  corporate  profits  and  inventory  valuation  adjust- 
ment. One  way  of  displaying  these  two  equivalent  definitions  of  GNP  is 
given  in  Table  C.3.2-1.  * Notice  that  the  box  that  represents  producer  to 
producer  sales  of  goods  and  services  used  in  production  is  blank.  These 
sales  are  already  included  in  the  value  of  the  final  products  that  add  up 
to  the  total  GNP. 


TABLE  C '3.2-1.  COMPONENTS  OF  GNP 


Final  Production 


Producers 

Persons 

Investors 

Foreign 

Government 

Producers 

Personal 

Consumption 

Expenditures 

Gross 

Private 

Investment 

Net 

Exports 

Government 

Purchases  of  GNP 

Goods  and  Services 

INCOMES  ^ 

1 Owners  of 

\ Business  & Cap. 

Employee 

Compensation 

- 

L Government 

Indirect 

Business 

Taxes 

GNP 


C-19 


"C-.20 


However,  since  industry  sales  to  industry  are  of  interest  we  can 
isolate  these  by  expanding  the  blank  box.  Table  C. 3.2-2  displays  the  input- 
output  flows  as  well  as  the  components  of  GNP.  A row  shows  the  sales  of 
that  industry  to  each  of  the  other  industries  as  well  as  to  the  final 
markets.  Total  output  is  thus  the  sum  of  industry  sales  to  other  indus- 
tries and  sales  to  final  markets.  Final  demand  is  only  the  sales  to  final 
markets.  A column  shows  the  industrial  sources  of  goods  and  services  used 
in  production  as  well  as  the  incomes  generated  by  the  industry  for  the 
column.  Note  also  that  value  added  is  the  term  used  to  summarize  the 
incomes.  Given  the  input-output  display  we  can  than  ask  what  information 
is  contained  in  the  table.  There  are  three  primary  types  of  information: 


1,  Transaction  Flows 

These  are  the  dollar  value  of  transactions  among 
industries.  Each  row  shows  the  sales  to  each  industry 
and  to  final  markets.  If  is  the  total  output  of  industry 
j and  f4  is  the  sales  of  inoustry  j to  final  markets  then: 

'’Xj  = EXi-  + (C-1) 

1 

Where  is  the  sales  of  industry  j to  industry  i. 


2.  Direct  Requirements 

Using  Table  C. 1.1-3,  each  column  shows  the  inputs  that 
the  industry  named  at  the  top  of  that  column  required  from 
the  industry  named  at  the  beginning  of  each  row  to  produce 
a dollar  of  its  output.  Direct  requirements  are  denoted  by 
a^j  — requirements  from  industry  j for  industry  j to  produce 
a dollar  of  total  output.  The  definition  of  a-jj  is  given  by: 

^ (C-2) 

^i 


3.  Total  Requirements 

Total  requirements  are  the  sum  of  direct  and  indirect 
requirements  needed  to  produce  one  dollar  of  final  demand. 

An= example  of  an  indirect  requirement  would  be  the  iron  ore 
needed  for  the  production  of  steel  which  is  used  in  automobile 
production.  Since  automobile  production  does  not  consume  iron 
ore  directly,  the  entries  in  the  transaction  matrix  and 
direct  requirement  tables  would  be  zero.  How  are  total 
requirements  computed? 

Xj  = Ea,  .Xj  + fj  (C-3) 

is  the  equation  which  related  total  output  to  sales  of  final 
outputs  fj  and  to  sales  to  intermediate  production 


TABLE  C. 3. 2-2.  INPUT-QUTPUT  FLOWS 


Producers 


Final  Markets 


PRODUCERS 
VALUE  ADDED 


Agriculture 

Agriculture  ' 

Mining  Construction 

Manufacturing 

Persons 

Government 

Mi ni ng 

Construction 

Manuf acturi ng 

. 

Employees 

' * 

Owners  of  Business 
& Capital 

■ . 

Government 

5RP 

Writing  t>iis  relationship  in  matrix  form  we  have: 

>c  = A 2<  + £ (C-4) 

Where  x=  (X]  A = (a^j),  and  £ = 

An  equivalent  form  is  given  by: 

(I-A})^=F  (C-5) 

To  find  total  requirements  solve  the  equation  to  find  outputs 

needed  to  meet  final  demands  !F. 

x=  (I-A)"^£  (C-6) 

The  total  requirements  are  the  column  entries  in  the 

(I-A)-i  matrix. 

Remembering  that  GNP  = we  can  define  an  industry's 
share  of  GNP,  Wj  = fj/GNP,  If  one  assumes  the  are  fixed 
then  given  a projection  of  GNP,  say  an  estimate  of  final 

demand  for  industry  j is  given  by: 

= Wj  §NP  (C-7) 

The  consistency  of  the  estimated  GNP  can  be  evaluated 
by  substituting  fj  into  (C-6). 

X = (I-A)”"!  £ (C-8) 


If  the  output  derived  in  )(  is  greater  than  the  estimated 
supply  (crude  petroleum  e.g^^)  the  GNP  estimate  is  too  large. 

An  alternative  to  lowering  ^NP  would  be  to  change  the 
and/or  alter  the  direct  requirements  matrix  A. 

If  ],  is  a vector  of  total  labor  employed  by  all  industries, 
we  can  compute  the  ratio  of  labor  to  output  by 

= li/x;.  (C-9) 

Using  (C-9)  the  dollar  transactions  matrix  can  be 
converted  to  a labor  transactions'  matrix  by  multiplying 
(each  entry  in)  the  ith  row  of  the  transaction  matrix  by  5.^. 

A similar  procedure  can  be  utilized  to  convert  the  trans- 
actions' matrix  into  an  energy  transactions'  matrix. 
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C.4  CRITERIA  APPLIED  TO  A HELIOSTAT  SOLAR  PLANT 

The  Solar  steam  generation  is  compared  with  nuclear,  coal,  and  oil. 

A typical  100  Mwe  solar  plant  has  the  following  dollar  (1973)  and  material 
requirements  [PI-75-10].  It  is  considered  for  the  southwestern  U.  S. 


Land  (600  Acres  at  $1 000/Acre)  $ 600  (Thou.) 

Structures  & Facilities  3,800 

Heliostats  (1  IOn2  Coll.  Area  at  $30/m2)  30,000 

Central  Receiver/Towers  (2x260  mTWR  at  $2M/TWR)  4,000 

Thermal  Storage  Materials  8 Tanks 

(6  Hrs  at  $15/KW  Hr.)  9,000 

Heat  Exchanger  1,000 

Turbine  Plant  Equipment  6,000 

Electric  Plant  Equipment  1,500 

Misc.  Plant  Equipment  400 

Cooling  Towers  1 ,200 

Total  57,500 

Contingency  3,000 

Spare  Parts  700 

Indirect  Cost  4,000 

Total  65,000 

Interest  (8%)  During  Construction  8,300 

Total  73,500 


Recall  it  is  desired  to  compare  the  solar  method  of  steam  generation 
for  a 100  Mwe  with  nuclear  (LWR),  coal  and  oil.  Considering  it  would  take 
approximately  six  years  or  until  1981  for  their  construction,  all  data 
will  be  considered  in  1981  dollars.  The  first  cost  of  the  solar  is 
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converted  from  1973  to  1981  by  compounding  at  5.55^  for  eight  years.  The 
operating  and  management  (O&M)  costs  of  three  mills  per  kilowatt-hour 
[PI-75-10]  is  also  converted  to  1981;  a load  factor  of  0.65  was  used.  These 
values  with  those  for  nuclear  (LWR)  et  al.  are  presented  in  Table  C.4-1. 

On  a first  cost  basis,  the  oil  plant  is  best  by  a considerable  margin. 

For  evaluation  of  the  20  years  life  cycle  cost  (LCC),  an  inflation  rate 
of  5,5%  was  used  to  get  escalated  values  for  the  Cn  values  in  Equation 
C. 1.2-1;  the  discount  rate  was  r=10%.  On  the  LCC  basis  the  nuclear  plant 
is  seen  to  be  best. 


C.4,1  NET  ENERGETICS 

In  the  above  analysis,  for  solar  systems,  the  economy  improvement  from 
mass  production  was  not  considered.  By  these  improvements,  their  LCC  is 
expected  to  be  competitive  with  the  others.  In  anticipation  of  that 
improvement,  a net  energetics  analysis  is  presented  in  this  section.  Its 
major  material  requirements  are  given  in  Table  C.4.1-1. 

The  energy  delivered  by  the  100  Mwe  solar  plant  was  obtained  using  a 
load  factor  of  .56  (5  week/year  for  maintenance)  [Spencer-75];  per  year  it 
is  1.67  X 10l2  bTU.  By  using  a rate  of  return  over  the  20  years  and 
equating  it  to  the  total  energy  input  (from  Table  C.4.1-1),  the  energy  rate 
of  return  r for  this  solar  system  can  be  determined.  By  Equation  C.4.1-1, 
this  r was  determined  to  be  28  percent.  The  last  term  considers  the  energy 
salvage  value  of  the  scrap;  the  scrap  aluminum  is  considered  to  have  a 90% 
energy  saving  of  the  primary,  the  steel  33%  of  the  primary.  [PFE-74] 


5.86  X 


10l2 


20 

BTU 

k=l 


1.67  X 1Q12 
(l+r)k 


1.77  X 1Q12 
+ (l+r)2u 


BTU's 


(C.4.1-1) 
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TABLE  C.4-1.  ESTIMATED  1981  GENERATING  COST  FOR  100  MWE  STEAM 
ELECTRIC  POWER  PLANTS 


1981  Cost 


($  Millions) 

Solar 

LWRS 

Coal^ 

Oil  (lows) 

First  cost 

$173 

54.4 

50.8 

37.4 

Fuel* 

0 

1.4 

3.1 

14.0 

O&M 

4 

.4 

.63 

.3 

LCC  (20  yrs) 

223.3 

77.3 

98.1 

217.1 

^[AEC-73]:  these  values  are  deemed  to  be  obsolete  (pre-embargo) 
*Calculated  from  referenced  data  using  an  annual  inflation  factor  of  0,05 


TABLE  C.4.1-1,  MATERIAL  REQUIREMENTS  FOR  A 100  MWE  SOLAR  PLANT 

ENERGY^ 


TONS^ 

(BTU  X lOlO) 

Steel 

25,800 

516.0 

Concrete 

17.7 

.004 

A1 uminum 

961 

7.5 

Glass 

63 

62.5 

Total 

586.0 

a[PI-74-10] 

J2[TRW-74] 

APPENDIX  D.  REPORT  OF  THE  ENERGY  INDUSTRY  TASK  GROUP 


D.l  INTRODUCTION 

Specific  sectors  included  within  the  energy  industry  are  electrical 
power  production  and  transmission,  oil  production  and  processing,  natural 
gas  production,  uranium  mining  and  production  and  coal  mining.  Also 
included  are  a number  of  developing  technologies  such  as  natural  gas 
liquefaction,  coal  gasification,  coal  liquefaction,  shale  oil  development 
and  solid  waste  gasification.  Basically  each  of  the  energy  industries 
are  to  some  degree  in  direct  competition  in  supplying  energy  to  industrial, 
residential  and  commercial  consumers,  although  features  of  individual 
sources  may  preclude  particular  fuels  in  specific  applications. 

As  these  industries  are  in  fact  process  or  extraction  industries 
rather  than  final  consumers,  conservation  actions  aimed  at  reduced 
demand  will  not  generally  apply.  Primary  emphasis  will  be  placed  on 
alternate  actions  which  provide  substitutes  for  scarce  fuels  or  increase 
process  efficiency. 

Proceeding  the  discussion  of  conservation  actions,  potentials  and 
impacts  is  the  description  of  the  energy  industry  in  historical  per- 
spective. It  is  felt  that  the  past  and  present  have  significant  influence 
on  what  future  actions  can  or  will  be,  especially  in  the  near  term  (1985). 
Section  D.2  of  the  report  begins  with  a description  of  the  overall  energy 
industry  from  1950.  It  continues  to  examine  the  detailed  operations 
of  all  the  fossil  fuel  industries  and  the  electricity  industry.  Finally, 
a study  of  developing  technologies  in  many  of  these  industries  describes 
their  present  status  and  indicates  their  future  potentials. 

Although  the  basic  partition  of  Section  D.2  is  according  to  industries, 
the  reader  will  note  that  it  covers  the  directed  resource  flow  in  Figure 
D.1-1  up  to  Transmission,  Distribution  and  Storage.  (Industry,  Transportati 
and  Residential/Commercial  will  carry  the  flow  to  its  end.)  Figures  D.1-1 
and  D.l -2  are  thought  to  be  a good  characterization  of  the  energy  system. 
From  them  can  be  depicted  areas  for  possible  conservation.  Section  D.3  deals 
with  conservation  actions.  The  actions  are  enumerated  and  their  impacts 
assessed  in  Section  D.4. 

D.2  PRESENT  ENERGY  SYSTEMS 

The  impetus  of  this  section  stems  from  tho  need  to  characterize  the 
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TABLE  D.l-?.  THE  FLOW  OF  ENERGY  THROUGHOUT  THE  ECONOMY  [MITRE-72]' 


PRODUCTION  CROSS  CONSUMPTION 


ORIGINAL  PAQB  is 
0^'  POOR 
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whole  energy  situation  in  the  United  States.  Table  D. 2-1  gives  the  total 
energy  consumption  along  with  population  and  GNP  .from  1947-73. _ The  positive 
correJations  among  these  variables  are  evident.  The  distribution  or  con- 
sumption by  sector  is  given  in  Table  D.2-2.  It  depicts  a fairly  even 
distribution.  The  decline  in  the  percent  of  energy  used  in  the  Household/ 
Commercial  sector  is  somewhat  misleading  in  that  the  transition  to  elec- 
tricity lowers  direct  usage  in  this  sector  and  is  charged  to  electric^ 
generation.  Table  D.2-3  gives  production  for  the  years  1947-71  by  major 
sources.  The  difference  between  consumption  and  production  is  made  up 
by  imports.  In  Table  D.2-4s  we  see  that  oil  and  gas  imports  as  a pro- 
portion of  U.  S.  consumption  are  on  the  rise.  Coal  is  a negative  import 
(export).  Imports  grow  because  the  gap  between  domestic  consumption 
and  production  grov'i/s.  Since  demand  exceeds  supply  there  is  an  upward 
pressure  on  prices.  This  is  shown  in  a partial  way  by  oil  and  coal  prices 
in  Table  D.2-5  for  selected  years.  Since  fossil  fuels  dominate  the  energy 
situation,  we  proceed  with  them  directly. 


D.2.1  FOSSIL  FUEL  INDUSTRIES 

Production  rates  are  shown  in  Table  D. 2.1-1  for  coal,  oil  and  natural 
gas.  New  reserves  are  also  listed  for  both  oiland  gas.  The  rate  at  which 
new  reserves  are  added  for  both  fuels  can  be  seen  to  have  dropped  signifi- 
cantly below  production  rates  over  the  past  several  years.  Such  a trend 
over  an  extended  period  of  time  could  only  have  led  to  the  current  problems 
in  energy  shortfall.  The  present  situation  for  each  of  the  major  fossil 
fuels  is  presented  below: 


Petroleum 


The  development  of  the  present  situation  in  crude  oil  production 
is  presented  in  Table-0. 2. 1-2.  Note  that  production  capacity  peaked  in 
1968  while  production  did  so  in  1970.  Thus,  while  petroleum  requirements 
have  grown  continuously  up  to  the  oil  crisis,  both  production  capacity  and 
production  have  failed  to  keep  pace.  Refining  plants  and  capacity  are 
given  in  selected  years  for  majors  and  independents  in  Table  D.2.1-3.  It 
is  important  to  note  the  relative  rate  of  growth  between  the  two  groups. 
The  independents  share  of  the  production  capacity  has  shrunk  from  28^  to 
16^  over  the  past  40  years.  This  tends  to  give  credence  to  the  claim  of 
the  growth  of  an  oil  oligarchy. 

One  of  the  major  reasons  for  the  grov/th  experienced  in  oil  usage  is 
its  ease  of  transport.  It  has  been  shown  that  there  is  no  cheaper  way, 
nuclear  fuel  excepted,  to  move  energy  over  long  distances  than  oil  tankers 
Tankers  are  owned  by  a variety  of  oil  and  nonoil  interests;  tanker  rates 
vary  over  time  in  response  to  world  supply  and  demand.  Labor  accounts 
for  about  30%  of  the  total  cost  and  because,  of  U.  S.  labor  and  government- 
policies,  increasing  numbers  of  U.  S.  controlled  tankers  are  registered 
In  countries  such  as  Panama,  Liberia  and  Honduras.  It  should  be  noted 
that  time  spent  in  port  is  an  important  part  of  total  transportation  cost 
and  should  be  held  to  a minimum.  Projection  of  the  cost  of  long  distance 
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TABLE  D.2-1.  ENERGY  CONSUMPTION,  POPULATION,  AND  GNP,  1947-73 

[AHC-75] 


Year 

Gross  energy 
consumption 
(guadfilllon 
Stu) 

Annual 
growtl]  rate 
(percent) 

Popufalion 

(millions) 

GNP  (billions 
loss  doiUrs) 

Encrgy/1958 
GNP  dollar 
(miilicm  Btu) 

Energy/capiU 
(thousand  Btu) 

1947 

33.0  . 

144,1 

309.9 

106  4 

229  0 

19S8 . 

319 

2.7 

145.6 

323  7 

104  7 

231  1 

1949 

31.5 

‘-7.1 

149  2 

324  1 

97.2 

211  0 

1950 

34  0 

n.i 

152  3 

355  3 

95  7 

223.0 

13S1 

3B  8 

3.2 

151  9 

383  4 

96  0 

237.6 

1952 

36.5 

-.8 

157.6 

395.1 

92.4 

231.7 

1953 

37  6 

3 0 

160.2 

412.8 

91.1 

234.7 

19.«U  . 

36.3 

-3  5 

163.0 

407.0 

89.2 

222  7 

1355. 

39.7 

9 4 

16S.9 

4310 

90.6 

239  3 

1956 

41  7 

S.Q 

168  9 

446  ! 

93  5 

246  9 

1957 

41  7 

0 

172  0 

* 452  5 

92  2 

242.4 

1958 

41.7 

0 

174  9 

447.3 

93.2 

238  4 

1959 

43. 1 

3.4 

177.8 

475.9 

90.6 

242.4 

1960 

44.6 

3 b 

180.7 

487.7 

91.4 

246.  S 

1961 

45.3 

1.6 

183.8 

497.2 

91.1 

246.5 

1962 

47.4 

4.4 

186.5 

529.8 

89.5 

254.1 

1963 

49.3 

4.0 

189.2 

551.0 

85  S 

260.5 

1964 

51.2 

3 8 

191.8 

581,1 

811 

266.9 

1965 

53.3 

4.1 

194.2 

617  8 

8S.3 

274.4 

1966 

_ 55  4 

5 8 

1%.5 

658.1 

85.7 

287.0 

1967 

58  3 

3.4 

1816 

67S.2 

813 

293.5 

1968  

61.7 

5.8 

200  6 

706,6 

87.3 

307.5 

1969 

65.0 

5.4 

202.6 

724.7 

89  7 

320  8 

1970 

67.4 

3.7 

204,8 

722.5 

93  3 

329  1 

1971 

69,0 

14 

207.0 

745,4 

92.6 

333.3 

1972 

72.3 

i 8 

209.6 

79a  7 

9L4 

3At  9 

1973 

.....  75.6 

4.6 

211,1 

837.3 

90.2 

358.1 

Soufce:  Dupiee  ?nd  West,  "United  Stales  f nerey  through  the  Tear  2000.”  0. 13,  and  “Oil  and  Gas  Journal.”  Maf.  25. 1974 
p.  44. 


TABLE  D.2-2.  TOTAL  ENERGY  CONSUMPTION  BY  MAJOR  USER  CLASS 
BY  PERCENT,  1950-73  [AHC-753 


Year 

Total 
consumption 
(tnlllon  Btu"s) 

Industrial 

(percent) 

tkclric  Household  and 

serreration  Transportation  commercial 

(percent)  (percent)  (percent) 

1950 

37.66 

14.65 

25.35 

22.34 

1951 

3G.  775 

39,24 

14.36 

25.  C3 

21.37 

1952 

36,458 

37.83 

15.14 

25.15 

21.89 

1953 

37, 566 

39.20 

15.67 

24.49 

20.64 

1954 

36,263 

36.52 

16.33 

25.13 

21.97 

1955 

39.703 

36.99 

16.61 

24.75 

21.65 

3956. 

37.23 

16.98 

24.30 

21.49 

1957 

41,706 

37.07 

17.58 

24.  S3 

20.83 

1958. 

41.696 

35.10 

17.55 

24.64 

22.71 

1959 

43, 140 

35.16 

18.25 

24.03 

22.51 

1960 

44, 569 

34.36 

18.54 

24.27 

22.83 

1561  

- 45.319 

34.03 

18.84 

24.24 

22. 89 

1962 

47,422 

33.67 

19.18 

24.07 

23.09 

1963... 

49,308 

33.76 

19.64 

24.26 

22.34 

1964. 

51,240 

34.08 

20.25 

23.93 

21.75 

1965 

53,343 

33.23 

20.76 

23.83 

22.18 

1966.  .............. 

56,412 

33.02 

21.37 

23.66 

21.96 

1967............... 

58,265 

31,77 

21.85 

24.05 

22.34 

1968 

Bl,7S3 

31.74 

22.49 

24.54 

21.23 

1969 

64, 979 

31.30 

23.48 

24.29 

20.94 

1970 

67. 444 

30.61 

24.41 

24.24 

20.74 

1971. 

- - 68,693 

29.41 

25.07 

24.83 

20.69 

1972 

71,S4S 

28.86 

25.77 

25.10 

29.28 

1973 

74,742 

28.96 

26.28 

25,07 

19.69 

data  from  DS  Dspartmenl  of  InUtior,  “U.S  Energy  Through  the  Year  2000, 
"f  5*!*  ^apartment  of  Interior,  Minerals  yearbook  1972,  "Seview  of 

fable  8;  1972-73  data  from  U.S.  Oepartreent  of  IniBnor.  "News  Release",  March  13, 1971. 


■ih/^Ei 


B,  tables  1, 7, 9. 
inerals  Induslry," 
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TABLE  D.Z-3.  u.  S.  TOTAL  PRODUCTION  OF  ENERGY  RESOURCES  BY  MAOOR  SOURCES, 

AND  1971  PRELIMINARY  [SESA-73] 

[In  trillions  of  Btu] 


Year 

Bi- 
tuminous 
coal  and 
Anthracite  lignite 

Natural 

gas,  dry  petrcleum 

Total 

fossil 

fuels 

Hydro-  Nuclear 
power  power 

Total  Percentage 
gross  change 

energy  from  prior 
inputs  year 

1947 

1, 453 

16,527 

5,012 

10.771 

33. 758 

1,296  

35,054 

+2  3 

1948 

1,451 

15,707 

5,615 

11,717 

34,490 

1.369  



35,859 

1949 

!.  055 

11,472 

5,911 

10,683 

29. 151 

1,425  

30. 576 

-K7 

1050 

1. 120 

13.527 

6. 841 

11,449 

32,937 

1,415 

34, 352 

+12.3 

1951 

1,064 

13. 982 

B.  106 

13.037 

36. 209 

1.424  ... 

37.633 

+9.6 

1952...... 

1,031 

12,231 

8,705 

13,  282 

35,249 

1,466  .. 

36,715 

-2.4 

1953 

786 

11,981 

9,116 

13.671 

35J54 

!,4U  .. 

36. 957 

+.7 

1954 

739 

10,262 

9,488 

13, 427 

33.  SI6 

1.260  ,, 

39.276 

—4,6 

1955 

665 

12.080 

10.532 

14,445 

37.722 

1.360  .. 

39.032 

+10.8 

1956 

734 

13,013 

11,252 

15, 344 

40.343 

1.435  .. 

41.778 

+6.9 

1957 

644 

12. 8G0 

11,835 

15. 346 

40. 675 

1.422 

i 

42,093 

+.8 

1958 

538 

10. 663 

12,244 

14. 154 

37^99 

- 1,592 

2 

39. 193 

—6.9 

1959 

524 

10. 581 

113,361 

114,662 

1 36. 128 

1 1.551 

2 

40.681 

'+3.8 

1960  

478 

10,662 

*14,135 

>14,664 

139,939 

11,608 

6 

41, 553 

+2.1 

1961 

443 

10. 308 

14. 69! 

15, 185 

40, 627 

1.656 

18 

42,301 

+1  8 

1962.. 

429 

10, 782 

IS.  365 

15. 495 

42,071 

1.816 

24 

43,911 

+3. 8 

1963 

464 

11,712 

16.271 

15.741 

44. 188 

1,768 

34 

45.990 

+4.7 

1964 

435 

12,418 

17.138 

15,691 

45,633 

1,886 

35 

47.604 

+3. 5 

1965 

378 

13,017 

17,652 

15,930 

46.977 

2,059 

38 

49, 074 

+3.1 

1966 

329 

13,507 

18,984 

16, 925 

49. 745 

2.062 

57 

51.  864 

+5.7 

1962 

311 

13,904 

20,087 

IS.  100 

52,402 

2.347 

80 

54.829 

+5. 7 

1968 

291 

13, 664 

21,548 

18, 593 

54, 096 

2,349 

130 

55.575 

+3  2 

1969 

266 

13, 957 

22,838 

18,  m 

55.  947 

2,648 

146 

53,741 

+3  8 

1970...;.. 

247 

15, 001 

24,154 

19, 772 

59, 174 

2.630 

225 

62.033 

+5.6 

19711..... 

221 

13,933 

24,871 

19,559 

58,534 

2. 833 

391 

61. 808 

+.4 

1 Includes  Alaska, 

^Den^les  hi  year  for  which  figures  include  Alaska  and  MawaiL 
^Preliminary, 


TABLE  D.-2-4.  NET  IMPORTS  OF  ENERGY  AS  PENDENT  OF  U.  S.  CONSUMPTION 
OF  EACH  FUEL,  1950-73  [AHC-75] 

[Net  exports  shown  as  negatives] 


Year 


Kalural  Pelfoieum  and 

{>as  prodiicts  Coal  Total 


1950 

-0.42 

9.06 

-5.85 

1.29 

1951 

-.34 

6.52 

-12.31 

L86 

-.25 

7.73 

-11.43 

.32 

1953.. 

-.35 

8 89 

-7.96 

1.21 

1954 

-.25 

9.62 

-8.63 

1.79 

1955 

-.22 

11. 16 

-12.85 

L13 

1956 

-.26 

12.07 

-17. 14 

.50 

1957 

-.03 

12. 13 

-19.74 

.10 

1958 

.91 

16.40 

-14  97 

4.36 

1959 

1.  oo 

17.40 

-10  81 

5.78 

1950 

1. 17 

17,46 

-10,22 

5 87 

1951... 

1.63 

18  77 

-10  OS 

6 76 

J962 

2 83 

19,85 

-10.76 

7.43 

19B3 

2. 70 

19.25 

-12.79 

6.61 

1954 

2.81 

20.08 

-11  92 

7,01 

1955 A 

2. 7S 

21.38 

-11.86 

7.50 

1936 

2.70 

21. 28 

-11.01 

7.60 

1967 

2 72 

19.10 

-11, 22 

6. 81 

1968.. 

2 94 

20.78 

-11.05 

7,78 

1969 

. . 3.3t 

22.24 

-12.25 

8.42 

1970; 

3.51 

23  10 

-15.41 

8 36 

1971 ... 

24.63 

-n.39 

9. 59 

1972 

23.22 

-10  97 

11.72 

1973 

4. 16 

34. 61 

-9.64 

14.83 

. r £leclricity  Imports  are  jjenerally  positive  but  the  amounts  are  small,  though  not  negUgible.  The  net  balance  In  electric 
energy  trade  usually  fails  below  1 percent  of  U,$.  consumption 

Source:  All  Imports  for  1950-70  caiculated  from:  U.S.  Daoartment  of  Interior,  **lfnrted States  Energy  Through  the  Year 
2000,”  app.  B,  tables  20,  2!,  27.  Petroleum  data:  for  1971-72  calculated  from  American  Petroleum  IrisUtute,  ''Annual 
Petroleum  StaHstics,”  1956-72:  for  1973,  calculated  from  "Survey  of  Current  Business,”  Apnl  1974,  pp.  s-35.  Natural 
gas  data:  for  1971  calculated  from  Department  of  Interior,  "Minerals  Yearbook,  1971/*  p.  765.  Coal  data:  for  1971  cal- 
culated from  W.S  Department  of  Interior,  "Minerals  Yearbook—1971,”  op.  374,  493:  for  1972,  cjlcufated  from  U.S.  De- 
partment of  CcNnmerce,  "Survey  of  Current  Business.”  September  1973,  pp.  S-35.  for  1373  calculaled  from  "Survey  of 
Current  Business,”  April  1974,  pp.  $-34: 1972-73  natural  gas  and  total  froT^U.S.QepaLtrQeptQCla'Artor,  "News  Release/* 
March  19,  1974. 
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TABLE  D.2-5.  PRICES  OF  COAL  AND  CRUDE  OIL  1955-72  [AHC-75] 

rCurrent  dollars^ 


Coal  price 

Oil  price 

Relative 
price  of  coal 

Per  British 

Per  British 

thermal 

thermal 

col  (2)/ 

Per  ton  * unit 

Per  barrel 

unit 

col.  (4) 

(2)  (3> 

(4) 

(5) 

(6) 

1955 

S4  51 

SC  18 

J2.77 

w 50 

$1.63 

1360 

4.72 

.19 

2.33 

,52 

1 64 

1965 

.18 

2. 86 

.52 

1.57 

1966 

4. 58 

.19 

2.88 

.52 

1.57 

19G7 

4 62 

.18 

2,92 

.53 

1.58 

1958 

4.72 

.19 

2,94 

.53 

1.61 

1?«59 

- 5.04 

.20 

3.09 

. 56 

1.63 

1970 

6 30 

.25 

3 18 

.58 

t 98 

1971 

.28 

3. 36 

.61 

2.10 

1972 

7.56 

.30 

3.39 

.61 

2.26 

1 prices  are  average  values  of  bituminous  coat  for  underground  and  surface  mines  at  the  source. 

Source  National  Petroleum  council,  If  S.  Energy  Outlook:  Coal  Availability^p.  139  and  Bureau  of  Mines. 


TABLE  D.2.1-1.  FOSSIL  FUEL  PRODUCTION  AND  PROVED  RESERVES,  1950-73, 

IN  ORIGINAL  UNITS  [AHC-75] 


Petroleum  < (lO^^bbls ) Natural  gas  (lOi^  cubic  feet)  Coal  s 

(109  short 


Year 

Pfoduc- 

tiwn 

Reserves 

added 

Reserves/ 
Total  produc- 
reserves  bon 

Produc- 

tion 

Reserves 

added 

Reserves/ 
Total  produc- 

reserves  tlon 

tons) 

produc- 

tion 

1950 

2,m.a 

3. 328.7 

29.536  1 

13.60 

6.86 

11.98 

184  58 

26  93 

560  39 

1951 

2,481.4 

5.137.9 

32,192.6 

12.97 

7.32 

15.97 

192  76 

24.33 

576. 34 

1952 

2,541  6 

3,306  1 

32, 957.  2 

12.97 

8.60 

14.27 

198  63 

23  12 

507. 42 

1953 

2. 614  b 

4,040  1 

34, 323  8 

13  15 

9. 19 

20,34 

210.30 

22.89 

438  24 

1954 

2,557.9 

2,980  4 

34.805.2 

13  61 

9 38 

9.56 

210.56 

22,46 

420. 81 

1955 

2,739.7 

3,385  2 

35, 450  7 

12  94 

10  06 

21.90 

222  48 

22.11 

490. 83 

«56 

2,897.9 

3,784  1 

36, 337  0 

12  54 

10  85 

24.72 

236.48 

21.80 

529  77 

1957 

2.911.4 

2, 567. 2 

35.987.8 

12  36 

11. 44 

20  00 

245.23 

21  44 

513  04 

1958 

2, 714.3 

3,466  4 

36.739  9 

13  54 

n 42 

18.90 

252  76 

22.13 

431  62 

1959 

2,868  5 

4.370.2 

38, 241. 7 

13  33 

12.37 

20.60 

261. 17 

21.11 

432. 68 

I960 

2.902  8 

3.072  5 

38.429  3 

13.24 

13.02 

13.90 

262.33 

20  15 

434.33 

1961 

2,973  9 

3,352.3 

38,807.6 

43.05 

13.38 

17.17 

266  27 

19.93 

420.42 

1962 

3. 020.3 

2. 913. 4 

38.700.7 

12  81 

13  64 

19.48 

272.28 

19  96 

439.04 

1963 

3. 109.  0 

3, 052. 2 

38. 644  0 

12.43 

14.55 

18  16 

276  15 

18  93 

477.20 

1964 

3, 180  3 

3,273  5 

38. 737. 1 

12. 18 

15.35 

20  25 

281.25 

18.32 

S04  13 

1965 

3.241.6 

3,880  4 

39.375.9 

U 15 

16  25 

21.32 

266  47 

17.63 

526  93 

1966 

3. 452. 9 

3,858.1 

39,781.1 

11  52 

17.49 

20.22 

289  33 

16.54 

546  82 

1967 

3,682  1 

3, 851. 9 

39.990.9 

10.86 

18.38 

21.80 

292  91 

15.94 

5S4.83 

1968_ 

3. 826  0 

3. 140  3 

39,305  2 

10,27 

19.37 

13.70 

287. 35 

14.83 

556  71 

1969 

3,931.3 

2.401.1 

37,775  0 

9.61 

20,72 

8.36 

275  11 

13.28 

570  93 

1970 

4, 1Z3  4 

>11,996  5 

46,704.3 

11.08 

21.96 

>37.20 

290. 75 

13.24 

612.61 

1971 

4,071.7 

2.665  4 

45,366  3 

11.12 

22.08 

9.83 

278  81 

12 163 

550.92 

1972. 

4,037.4 

1.  566. 1 

43, 126  0 

ia68 

22.51 

9.83 

268  08 

11.82 

597.24 

1973 

3, 926. 2 

2.554.7 

41,754  5 

1163 

22.61 

6 80 

249.95 

11.05 

597.73 

r Includes  crude  oil.  natural  gas  Hauids.  and  lease  condensates 

3 Coal  production  figures  include  bituminous,  anthracite  and  lignite  Coal  reserves  are  so  large  as  to  create  no  con* 
stralntor  production. 

) Includes  10,000,000,000  barrels  of  oil  and  26  triUlon  cubic  feet  of  sas  added  from  North  Slope  Alaska 

Source:  Petroleum  data*  for  1030^59,  Amerrcdn  Petroleum  trrstUute,  ‘'Petroleum  Pacts  and  figures — 1971,**  p.  HI;  for 
1970,  "Oil  and  Gas  Journal,"  Apr.  5,  p 38:  for  1971,  "Oil  and  Gas  Journal, " Apr  3. 1972.  p.  18.  for  1972,  "Oil  and  Gas 
Journal."  Mar  26, 1973,  p,  SZ;  lor  1973,  ’’Oil  and  G^s  Journal,"  Apr  1,  1974,  pp  42-44.  Natural  Gas  data;  for  1950-72, 
from  "American  Gas  Association  Monthly,"  May  1973.  p 12'  for  1973,  *‘011  and  Gas  Journal,”  Apr.  1,  1974,  pp  42-44 
Coal  data:  for  1956-72.  U.S.  Department  of  Interrof  "U  S Energy  Through  the  Year  2000,”  app  B,  table  4;  for  1971, 
*'Sufvey  of  Current  Business,"  February  1974,  p 5-34;  for  1972-73,  "Sutvey  of  Current  Business."  April  1974  p 5-34. 


TABLE  D 2 1-2.  REFINERY  PLANTS  AND  CAPACITY,  BY  MAJORS  AND  INDEPENDENTS, 
1930,  1940,  1957,  and  1972  [AHC-75] 


Top  20  majors. 

r^uiuberof  plants  — 

Crude  capacity  (thousand  barrels  per  day) 

Average  capsetty  (thousand  barrels  per  cay).-_ 
Percent  Of  industry  capacity.................. 

indeiiendents 

'JoiHiJcr  of  companies..... 

Numhei  of  plants  

Crude  sapacny  (thousand  barrels  per  day)..... 
Average  cauucityCnousand  barrels  per  day).... 
Peruent  of  industry  capacity. 


1930 

1940 

1950 

1957 

1972 

134 

ns 

131 

123 

1)7 

2.711 

3. 36S 

5,262 

7.207 

11,273 

20.1 

24.3 

40  1 

58  6 

96.4 

72 

72  7 

78  6 

79 

84 

230 

363 

203 

165 

121 

278 

409 

235 

196 

129 

1, 055 

t.  3G4 

J.434 

1,917 

2. 100 

3.6 

3 3 

6 1 

9.8 

16  4 

23 

2S 

21.4 

21 

16 

Source  Figures  foi  1930-57  from  Oa  Chmau  and  Kahn,  p.  486  Dili  tor  19/2  from ’'Oil  and  Gas  Jouina!/’  Apr.  2,  1973, 
pp  99*12/. 
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TABLE  D.2.1-3.  U.  S.  CRUDE 
CAPACITY,  AND  EXCESS  CAPACITY, 


OIL  PRODUCTION, 
1954-73  [AHC-75] 


Crude  Oil  Production  txc»3s  capacity  Excess  cspacily 

Year  pioJucIton  capaojt^  (10>J>bb)  (peaeAt) 


1954  . 

19^7-. 

1958., 

1959., 
196U.. 
i9ol„ 

1902., 
lJb3  . 

1964., 
19Gb. 
I9ce.. 
!957.. 
I9G8.. 

1969., 
1970  . 
197  L, 

1972., 

1973., 


2.315 

2 893 

0 578 

19  98 

2.484 

3.081 

597 

19  38 

? r.t/ 

3 7*>V 

.642 

!•»  /O 

2 t»l/ 

3.3/6 

. /r.'J 

27.4  a 

2 449 

3.469 

1 016 

29  J2 

2.675 

3 S24 

.949 

2C  94 

2.575 

3.543 

.963 

27  J2 

2.622 

3.611 

989 

27  39 

2 676 

3 m 

1.004 

27  28 

2 753 

3 712 

.959 

25  84 

2.787 

3 754 

.96? 

25  76 

2.849 

3.845 

.995 

25  90 

3 028 

J.921 

.893 

22,77 

3 216 

4.033 

.81? 

20.26 

3 329 

4.095 

.766 

18  71 

3.372 

4 020 

.G43 

16  35 

3 517 

3 940 

.423 

10  74 

3 463 

3,740 

,28? 

7.68 

3 4G8 

3.7b0 

.292 

7,76 

3.967 

3,550 

.183 

5.16 

Source'  1954«68  production  end  capacity  from  American  Petroleum  Jnslituta,  ''Petroleum  facK  dfid  Eigures,  1971/' 
pp  101  and  110  1959^71  production  irom  American  Petroleum  Inslikte/'Aiinuai  btjlistical  K«view/' 1972,  p S 1959*71 
Ctfpdoty  fioiii  "Oil  and  Gas  iourAal,"  May  16,  1972,  p 52  1972  produclIOA  froiti  "Oil  and  Gas  jouinal/'  Poc  25,  1972. 
pp  Hi  8S  1972  capdcity  from  "Qit  and  Gas  journal.'*  June  2*j,  1573,  p 58  1973  productrcn  fiom  "Cii  arirl  Gas  Jouriidl,*' 
Let  31,  1973,  p 87;  1973  capacity  from  * Oil  and  Gas  Journal/'  iulyo,  1974,  p 86 


TABLE  D.2.1-4.  TRANSOCEANIC  OIL  TRANSPORTATION  COSTS  PER  BARREL' 


Trip 

Present  Cost 

1980  Estimates 

Pension  Gulf  - N.Y. 

$ 0.104 

0.064 

(1 1 ,800  miles) 

Venezuela  - N.Y, 

0.212 

0.148 

(l.,800  miles) 

Gulf  Coast  - N.Y. 

0.300 

0.180 

(2,500  miles) 


TABLE  D.2.1-5.  EFFECT  OF  SHIP  SIZE  ON 
TRANSOCEANIC  OIL  TRANSPORTATION  COSTS 


Size  of  ship  (1000  tons) 

Cost  per  ton  (constant  $) 


35 

100 

207 

250 

315 

372 

135 

91 

78 

65 

67 

66 
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oil  transportation  by  supertankers  1n  1980  (middle  - to  long-term  charter 
rates]  is  listed  in  Table  D.2.1-4  with  the  present  cost  in  (cents/1 0°  BTU)/ 
(100 -mil es) . [Hottel -71 ,60] 

Larger  tankers,  however,  have  brought  with  them  a series  of  problems: 

They  cannot  use  many  harbors  because  of  their  tremendous  draft. 

They  must  bypass  the  Suez  and  Panama  Canals,  at  least  for  several 
years  to  come. 

The  loading  and  unloading  problem  has  forced  the  development  of 
offshore  loading  facilities,  designed  to  minimize  time  cost  in 
port. 

The  large  new  ships  have  been  automated  to  the  greatest  extent 
possible  in  order  to  cut  the  rather  substantial  cost  of  crew. 

The  data  presented  in  Table  D.2.1-5  suggests  that  tanker  size 
may  settle  down  for  a while  in  the  250,000  ton  size. 

The  increased  size  and  number  of  oil  tankers  playing  the  world's 
waterways  poses  new  pollution  problems  of  unprecendented  nature  if  a 
300,000  dwt  tanker  were  to  sink.  The  possibilities  of  such  a disaster 
are  increased  by  the  fact  that  the  tankers  are  underpowered  and  much  less 
maneuverable  than  smaller  ships. 

It  has  been  estimated  that  two  million  tons  of  crude  oil  are  lost  on 
the  high  seas  during  routine  bilge  cleaning  operations  by  the  3748  tankers 
operating  in  the  worldwide  trade  and  all  other  commercial  and  naval  vessels. 
This  loss  is  roughly  0,2%  of  the  BTU  content  of  the  crude  oil  and  refined 
petroleum  products  used  by  the  U.  S.  per  year. 

Internally,  pipelines  in  the  U.  S. a network  of  145,000  miles  of 
crude  oil  lines  and  64,500  miles  of  products  lines  carry  more  than  45%  of 
all  petroleum  products  transported  within  the  U.  S. ..totalling  680  million 
tons  annually.  The  remainder  is  transported  by  railroad-  tank  cars  (6-12000 
gallons  each),  thousands  of  barges  (each  of  an  average  carrying  capacity  of 

26000  barrels  of  oil)  and  by  truck.  In  1970  crude  and  products  transported 
domestically  amounted  to  1.6  billion  tons  of  petroleum.  47%  was  trans- 
ported by  pipeline,  24%  by  water,  28%  by  motor  vehicles  and  1.6%  by  rail. 

According  to  the  Federal  Power  Commission  the  average  cost  for  moving 
oil  through  pipelines  is  around  1.0  cent/10®  BTU/100  miles.  In  a given 
situation  this  may  be  as  high  as  1.6  or  as  low  as  0.4  cents.  Two  factors 
which  play  an  important  role  in  pipeline  economics  are  economies  of  scale 
and  load  factor.  Reduction  in  costs  through  the  use  of  larger  diameter 
from  10  to.  24  inches  can  reduce  unit  cost  of  transportation  by  60%. 

Some  areas  of  greater  challenge  in  which  there  is  potential  for 
technical  progress  include  detection  of  interfaces  between  product  batches 
in  pipelines  to  permit  full  automation  of  the  line,  development  of  success- 
ful insulation  techniques  to  permit  pipelining  of  heated  heavy  fuel  oil  and 
the  development  of  automatic  welding  techniques  to  reduce  this  important 
component  of  construction  costs. 
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Hydrocarbon  losses  associated  with  fuel  handling  (truck  loading, 
underground  storage,  auto  tank  refueling)  are  as  follows: 

Percent 


Truck  loading 

0.067 

From  Underground  tank 

0.200 

Auto  tank  refueling 

0.200 

It  is  estimated  that  1910  tons  of  hydrocarbons  are  lost  each  day  at 
service  station  refueling  pumps.  This  represents  potentially  serious  air 
and  water  pollution  as  well  as  loss  of  7.7  x ID'®  BTU/year. 


Market  Concentration 

The  number  and  size  of  the  sellers  in  a market  have  significant  effects 
on  the  price  consumers  pay.  As  the  market  proceeds  from  one  with  a homogeneous 
product  and  a large  number  of  small  sellers  (pure  competition)  to  the  limit 
of  one  seller  (monopoly),  the  consumers  generally  bear  higher  prices.  Tables 
D.2.1-6,  D.2.1-7  and  D.2.1-8  indicate  that  the  petroleum  industry  is  dominated 
by  a few  sellers  (oligopoly). 

Vertical  Integration  by  a company  is  the  control  of  a product  flow  from 
the  resource  stage  to  the  retail  stage.  Tables  D.2.1-6,  D.2.1-7  and  D.2.1-9 
show  the  dominance  of  the  big  7 and  20  firms  in  the  industry.  As  will  be 
seen  below,  the  majors  have  dominated  the  international  oil  scene. 

Horizontal  Integration  is  a movement  at  a certain  production  stage 
to  expand  opportunities  in  that  stage.  Although  not  showing  actual  mag- 
nitudes, Table  D. 2. 1-10  shows  which  alternative  energy  sources  the  majors 
were  "buying  into"  in  1970.  Some  are  closely  related,  to  petroleum  itself, 
e.g.,  gas,  shale  and  tar  sands.  Coal  and  uranium  are  basically  substitutes. 
They  present  competition  to  oil  as  a source  of  energy  with  promise  for  long- 
term future  use  in  the  U.  S.  When  the  big  oil  companies  diversify  into 
these  areas,  they  further  limit  the  competitiveness  of  the  overall  energy 
industry. 

Traditional  conservation  in  petroleum  consisted  of  controlling  the  rate 
of  production  from  known  reservoirs.  Owners  of  land  above  these  oil  pools 
would  lease  their  land  to  several  producers.  The  "rule  of  capture"  was  to 
produce  as  fast  as  possible  to  get  more  crude  than  the  others.  There  is, 
however,  a "maximum  efficiency  rate"  of  production  that  provides  the  largest 
ultimate  primary  recovery.  This  makes  the  most  use  of  the  natural  drives. 
Prorationing  slowed  the  rate  of  production  by  restricting  it  to  meet  the 
existing  demand.  Some  fraction  of  this  demand  -was  assigned  to  each  producer. 
Most  of  the  oil-producing  states  adopted  measures  that  restricted  production. 
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TABLE  D.2.1-6.  REFINERY  PLANTS  AND  CAPACITY, 

BY  MAJOR  AND  INDEPENDENTS,  1930,  1940,  1950,  1957,  and  1972 

[AHC-75] 


1930 

19«J 

1950 

1957 

1972 

Top  25  miiors; 

Number  of  plants  . 

134 

138 

131 

123 

117 

Crude  capacilj  (lhausand  barrels  per  day) 

2,711 

3,365 

S,26Z 

7,207 

$8.6 

11,273 

Average  capacity  (thousand  barrels  per  day)... 

20.1 

24.3 

40.1 

95  4 

Percent  cf  industry  capacity.,..., 

72 

72.7 

73  6 

J9 

84 

IndeDendents. 

Number  of  companies,,..... 

230 

363 

203 

165 

121 

Number  of  plants ....... ... 

278 

409 

235 

196 

129 

Crude  caoacilv  thousand  barrels  ner  dav^. . 
Average  capacity  (thousand  barrels  per  day),... 

1,055 

1,364 

1,434 

1,917 

2.100 

3 G 

3.3 

6.1 

9 8 

16  4 

Percent  of  industry  capacily..... ... 

28 

28 

21.4 

21 

16 

Sgurcft:  figures  for  1930*57  f/om  Oe  Chdzeau  and  Kahn,  p.  48$  Data  for  1972  fron  ‘'Oi!  and  Ga$  Jourpai/'  Apr.  2,  1973, 
pp  99*127. 


TABLE  D.2.1-7.  PERCENTAGES  OF  CRUDE  OIL  PRODUCTION,  REFINING  AND  GASOLINE 
MARKETING  BY  THE  TOP  7 AND  TOP  20  COMPANIES,  1955  AND  1972  [AHC-75] 


1955 

1572 

7 companies  20  companies  7 companies 

20  companies 

Net  crude  products ... 

29.1 

47.5 

49.0 

75.2 

ll.S  refining  throughput. 

53.7 

86.4 

53.7 

83  S 

Sales  of  gasoline 

49.6 

sa4 

46.9 

74.6 

Source  Data  tor  1955  fron  !il.G  De  Chareau  and  Alfred  E.  Kahn,  “lotegralicin  and  Compelition  in  Ihr!  Petroleum  In- 
dustry. ■ (New  Haven:  Yale  Urriversity  Press,  1959),  p 18  Data  for  1372  from  Naliottal  Petroleum  News,  "IVlid-Hay  Fad 
Book,  1973”  and  "Oil  and  Gas  Journal,"  Mar.  17,  1973,  p.  in. 


It  Statement  of  the  American  Petroleum  Institute,  presented  by  Frank  N.  Ikard,  before 
the  Stibcommittee  on  Special  Small  Busluess  Problems  of  the  Select  Committee  on  Small 
juustnese,  U.S.  House  of  Sepresentatlvea,  July  14. 1971. 


TABLE  D.2.1-8.  TOP  20  CRUDE  OIL  PRODUCING  FIRMS  AND  THEIR  RANKINGS  IN  REFINING 

AND  GASOLINE  SALES,  1972  [AHC-75] 


OP  JOOE  gOAUra 


Percent 


Firm 

OfU.S. 
crude  oil 
producUon 

Percent  of 
domestic 
rdfineiy  runs 

Refining 

rank 

Percent  of 
U.S.  gasD- 
Ime  sales 

Gasoline 
Sales  rank 

Exxon..., 

10  6 

8.8 

1 

6.3 

4 

Texaco.,. 

10. 1 

8.6 

2 

8.1 

1 

shell.. 

7.0 

8 4 

3 

7.1 

2 

Gulf 

6.2 

6.6 

7 

6.5 

5 

Standard,  Indiana 

5.3 

8.2 

4 

6.9 

a 

Standard.  California........... 

5.1 

7.0 

6 

4.7 

8 

Atlanlic-Richfield ^ - - 

4.8 

6.1 

8 

4.9 

7 

Mobil 

4.3 

7.3 

s 

E.4 

6 

Getty 

3.5 

1.0 

19 

.7 

2^ 

Phillips 

2.9 

3.3 

13 

4.1 

9 

Union  Oil,  California 

2.9 

3.5 

11 

3 0 

ID 

Sun 

2 6 

3.8 

9 

2.8 

11 

Cantinenlal 

2.4 

2.9 

14 

2.3 

12 

Crties  Service.... 

2.4 

2.3 

16 

1.9 

13 

Marathon... — ...... 

2.0 

2.0 

17 

1.7 

14 

Amerada  Hess.... — ......... 

3.7 

10 

.7 

20 

Skelly - — 

.4 

.s 

23 

,6 

24 

Union  Pacific 

.5 

l.I 

18 

.3 

Kerr>Mc6ee_ 

.3 

21 

Standard,  Ohio 

.3 

3.4 

12 

1.2 

16 

I Too  sinall  to  rank. 

-Source:  National  Petroleum  News,  '"Mid-May  Factbook,  1973.' 
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TABLE  D.2.1-9.  U.  S.  CRUDE  OIL  PRODUCTION,  CAPACITY,  AND  EXCESS  CAPACITY, 

1054-73  [AHC-75] 


Year 

Crude  oil 
production  ' 

Production 

capacity 

Fxcefs  capacity 
aO»bbls) 

Excess  capacity 
(percent) 

1954 

2.315 

2. 893 

0 578 

19.98 

1955 

2.484 

3 C81 

.597 

19.38 

195B 

2.617 

3 259 

.642 

19  70 

1957 

2.617 

3.376 

.759 

22  48 

135B 

2.449 

3 465 

1.016 

29  32 

1959 

2.575 

3.524 

.949 

26  93 

1969 

2.575 

3,543 

968 

27.32 

19GI... 

2.622 

3,611 

.989 

27.39 

1962 

2.676 

3.680 

KM4 

27.28 

1969 

2.753 

3.712 

959 

25  84 

1964 

2.787 

3,754 

,967 

25  76 

1965 

2 849 

3 S45 

.998 

25.90 

1966 

3 028 

3.921 

.893 

22.77 

1967 

3 216 

4.033 

.817 

20.  26 

1968 

3 329 

4.095 

.766 

18.71 

1969 

3.372 

4.020 

.548 

16.35 

1970 

3.517 

3 940 

.423 

10  74 

1971 

3.453 

3.740 

287 

7.68 

1972 

3.468 

3,760 

.292 

7.76 

1973. 

3.3B7 

3.550 

.183 

5.16 

Source:  1954-6B  production  and  capacity  from  American  Petroleum  Instttute,  '‘Petroleum  Facts  and  Fifiires.  197), 
pp  101  and  110  1369-71  production  from  American  Petroleum  Ins^tule,  “Annual  Statistical  Review,"  1972,  p.  5.  19S9-71 
capacity  from  “Oil  and  Gas  Journal/'  May  15,  1972,  p.  62  1972  production  from  “Oil  and  Gas  Journal, " Dec  2S,  1972, 
pp.  82*85. 1972  capacity  from  “Oil  and  Gas  Journal,' ' Jvne  25. 1973.  p.  58  1973  prcduction  from  “Oi!  and  Gas  Journal/' 
Dec  31,  1973,  p.  87 , 1973  capacity  froin  “Oil  and  Gas  Journal/'  July  8. 1974,  p 86 


TABLE  D.2.1-10.  DIVERSIFICATION  OF  PETROLEUM  COMPANIES  INTO  RELATED 
ENEROY  SOURCES  AS  OF  1970  lAHC-75] 


£ner|y  indtislry 

Petroleum  company  Gas  Oil  shale  Coal  Uramucn  TariaAds 


Exxon,, 1... 

Texaco 

QulL :.l 

Mobil 

Standard  of  CatifornU... 

Standard  of  Indiana...-..^.,.... 

Shell S. 

Atlantic  Richfield-.....-..— 

Phillips 

CoMiotntal — 

Sun  Oil 

Union  Oil  of  California................ 

Occidental  .. 

Cities  Service ... 

Gettyi...* 

Standard  of  Ohio 

Pennzoil  United,  Inc......... ..... 

Signal*.... 

Maialhan*.... 

AmfixadO'Heis..— 

Ashland 

Kerr*Mc6ee ....... 

Superior ... ..... 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

fC 

X 

. X 

X 

X 

X 

X 

X 

X 

X 

- X 

X 

X 

, 

X 

X 

X 

X 

X 

X 

, 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

, 

I Includes  Hooker  ChemicaKCo. 
t Includes  Skel^  and  Tld^der. 

> Includes  reported  British  Petroieun)  asseds- 
« As  of  June  SO,  1^. 

'AsofSept  30, 19BG: 

Soutct:  Federal  Trade  Commissim,  "Market  Baumhries  in  the  Enef»  Sector  rf  the  Ui  EcoeoDiy,"  CoraoiiHraKo 
Inlerior  and  hisular  Attairs,  U.S.  Senate,  Aug.  8, 1972,  p.  798, 
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Governmental  intervention  has  taken  forms  other  than  those  already 
mentioned.  Among  the  most  famous  are  the  depletion  allowance  [Tl%  of  the 
resource  value  was  deducted  from  taxable  income  each  year  of  the  producing 
life  of  the  well,  even  if  more  than  100%  was  eventually  deducted),  tax 
incentives  and  price  controls.  The  oil  depletion  allowance  was  cancelled. 

Foreign  oil  has  become  an  increasingly  important  portion  of  U.  S.  oil 
consumption  {Table  D.2-4).  The  Arab  oil  embargo  awakened  the  nation  to  its 
growing  vulnerability  to  foreign  discretion.  Although  foreign  oil  has  been 
flowing  into  the  U.  S.  for  several  decades,  it  has  not  presented  a problem 
until  fairly  recently.  This  has  not  only  been  due  to  the  approaching  of  the 
limit  of  domestic  reserves.  The  shift  of  power  in  the  world  petroleum  market 
has  had  important  consequences.  In  1950,  the  seven  big  international  oil 
companies  (See  note  1 under  Table  D. 2. 1-11  and  leave  out  Compagnie  Francaise) 
dominated  the  scene.  The  host  contries  were  given  relatively  small  payments 
for  their  oil.  The  big  7 had  the  technology,  size  and  vertical  integration, 
(cartel  power)  to  minimize  the  effects  of  independent  companies.  As  the 
foreign  producing  countries  became  more  sophisticated  in  bargaining  procedures, 
they  began  to  use  independents  to  get  higher ‘payments  from  the  company  cartel. 
Higher  royalties  and  taxes  and  more  ownership  paved  the  way  for  the  formation 
of  OPEC  in  1960.  OPEC  is  now  the  dominant  force  in  the  world  petroleum 
market,  although  ventures  like  ARAMCO  show  that  some  company  and  country 
interests  are  the  same.  Table  D, 2. 1-11  gives  the  % production  of  the  OPEC 
countries  by  the  major  companies  for  years  between  1965  and  1972.  Table 
D. 2. 1-12  shows  U.  S.  imports  by  country  of  source  from  1950-73. 

The  relation  of  recent  world  prices  to  domestic  prices  is  depicted  for 
1971  and  1974  in  Table  D. 2. 1-13.  The  price  elasticity  of  demand  (the  ratio 
of  a % change  in  quantity  purchased  of  a good  to  a % change  in  price)  for 
oil  products  is  estimated  to  be  between  .2  and  .4.  Price  elasticity  of 
supply  (replace  "quantity  purchased"  with  "quantity  supplied"  above)  is 
thought  to  be  about  1.  This-implies  that  as  prices  rise,  supplies  will 
increase  proportionally  more  than  demands  decrease.  People  and  firms 
end  up  spending  more  in  total  for  slightly  less  consumption.  This  is  a 
high-cost  way  of  achieving  a small  demand  reduction.  Supplies  will 
continue  to  increase  until  it  is  no  longer  economically  possible  or  there 
are  no  reserves  left  in  the  country. 

Some  others  believe  in  a threshold  of  demand  inelasticity.  If  the 
prices  of  oil  products  get  high  enough,  people  will  decrease  consumption 
(by  curtailment  and/or  substitution)  in  a vigorous  way.  The  income  effects 
of  the  current  recession  also  lead  to  curtailed  use.  If  high  prices  lead 
to  substantial  increases  in  discovery,  recovery  and  new  technologies,  a 
high  supply  will  meet  a low  demand.  The  popular  phrase  for  the  result  of 
such  phenomena  is  that  the  world  would  be  "knee  deep"  in  oil.  The  power 
of  the  OPEC  cartel  to  withstand  such  pressures  is  uncertain  at  this  time. 

If  they  cannot  restrict  supply  to  a large  degree,  then  prices  will  tumble. 

This  may  again  speed  up  the  approach  to  the  earth's  finite  oil  reserve 
limit.  Lower  prices  may  have  stifling  effects  on  budding  but  expensive 
technologies. 
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TABLE  D.2.1-11.  PRODUCTION  OF  OPEC  COUNTRIES  BY  THE  MAJOR  INTERNATIONAL 
companies,*  1965,  1969-72  rAHC-75] 

[In  percent  of  total] 


OP£C  countries 

1385 

. 1969 

1970 

1971 

1372 

Abu  Dhabi X .... 

9S.2 

96  9 

97.0 

9S.9 

97.2 

Atgerra  

33  2 

8.9 

3.1 

0 

0 

Indonesia.* 

8S.4 

85.2 

86.6 

86.9 

79  9 

Iran... 

91  2 

82.0 

82.5 

80.9 

85  S 

Iraq  

95  1 

96.0 

95.0 

95.0 

64  7 

Kuwait 

100  0 

IQO.O 

100.0 

100.0 

100.0 

Libya  ‘ 

50.  a 

58.1 

47,9 

47.1 

41.4 

Nieeria.  

iOO.0 

100.0 

99.6 

95,5 

93.6 

Oatar  .... ... 

9*,  4 

97.1 

97.6 

97.5 

97.2 

S'sudi  Arabia.  . . 

100,0 

100.0 

100  0 

IQO.O 

100.0 

Venezuela 

87.8 

86.9 

83.1 

86  S 

.87.2 

Maior  share,  weighted  average  of  Middle 
Caslern  countries . 

96.8 

93.8 

93.9 

93.7 

92.4 

Totei  major  share  of  OPEC  production... 

87.9 

83.7 

83.1 

84.4 

83.4 

> BriUsh  Petroleum.  Compagnle  Francalse  des  Petroles.  Exxon.  Gulf.  Mobtl,  Royal  Outch/Shell.  Socal,  and  Texaco. 
t Later  tlie  dominant  eiemeot  of  the  United  Arab  Emirates. 

* PetroEeum  production  nationalized  during  this  period. 

* Petfoleum  production  partially  natlonaiizsd  during  this  period. 

Source;  ^'Petroleum  Times/'  various  dales. 


TABLE  D. 2. 1-12.  IMPORTS  OF  CRUDE  OIL  BY  ORIGIN,  1950-73  [AHC-75] 


iMillioas  of  barrels] 


Year 

Arab 

counties 

Iran 

Venezuela 

Canada 

Rigetia 

1 

Indonesia 

Other 

Total 

1950 

40.3 

0 

107.7 

0 

0 

0 

25  9 

173.9 

19al 

37.8““ 

0 . 

105.8 

.5 

0 

33.4 

177.5 

iqS7 

57.2 

0 

119.3 

1.1 

0 

3.6 

26  3 

207.5 

lan 

80  4 

0 

Lie.1 

2.6 

0 

14.4 

19.7 

233.2 

la^i 

77.1 

.2 

129.7 

2.6 

0 

13.8 

19.2 

242.6 

19S5 

98.3 

3.1 

143.8 

16.4 

0 

11.8 

13.0 

291.4 

Idfifi 

96  3 

7.2 

167.0 

42.7 

0 

13  3 

15-2 

341.8 

I<IS7 

81.2 

6.6 

193.8 

55.1 

0 

23.7 

12.8 

3^3.2 

1958 

117.7 

5.3 

15S.2 

30.4 

0 

21.1 

16.3 

348  0 

1959 

115.9 

9.0 

16S.9 

33  7 

0 

20.0 

■MV 

364.3 

l<»rfl 

114.6 

13.1 

172.9 

41.3 

0 

26.7 

371  6 

idGl 

120.9 

22.0 

IbS.S 

66  6 

0 

22.7 

15.6 

381.5 

iqfi? 

118.4 

17.7 

189.0 

8b  1 

0 

24.5 

13.6 

411.0 

112.4 

22.7 

174.5 

90.4 

0 

21.3 

14.0 

412.7 

tdM 

126.6 

24.1 

174.2 

101.6 

0 

13  2 

43V.  b 

IflSS 

141.2 

23  5 

157.8 

107. 8' 

5.3 

22. 2 

17.8 

452.0 

1466 

14J.4 

125.7 

4.1 

18.2 

19.7 

447.1 

1467 

86,0 

23.8 

131.1 

150.4 

1.4 

22.5 

411.6 

146S 

126.7 

21.2 

125  7 

164.4 

3.1 

26  6 

20.8 

472  3 

125  6 

15.3 

111.7 

203.3 

17.9 

32  3 

23.2 

514.1 

1970 

114,4 

12.2 

98.0 

245  3 

17.5 

25  7 

&1 

483.3 

1471 

155.2 

38.6 

110.8 

263  3 

34.3 

40.2 

9.3 

613.4 

147? 

230.9 

49.7 

93.3 

312,4 

88.9 

b9.6 

26.0 

811.1 

1973 1 

211.0 

69,7 

116.1 

364.3 

188.3 

73.4 

169,6 

1172.4 

I Pielicnrnary.  Data  for  Indonesia  tncliide  all  of  "Far  FasL'* 


Source:  1950-55  data  from  US  Department  at  Interior, 
Aiuencsn  PeliDleum  Institute,  "Annual  Statistical  Review," 
1374,  p.  US. 


"Minerals  Yearbook,"  1951,  1955,  1955.  1955-72  data  from 
1973,  pp.9-10. 1973  data  from  "OilandGas  Journal,'  Jep.28, 
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TABLE  D. 2. 1-13- 


PETROLEUM  INDUSTRY  DATA  SUMMARY,  JANUARY,  1971,  and 
JANUARY,  1974  [AHC-75] 


landed  price  of  imported  crude  oil  (doDais  per  barrel), 

Prodoclion  co^l * 

Rcyally. 

Tax 

Transportation  cost.... 

Import  dirty 

Company  margin 

Domestic  crude  oil  price  (average  doHar/bgrrel) 

Old  Oil  (ccnirolled) 

New  oti  (uncontrolled)..-.. - ........ 

Refined  products,  Wholesale  Price  Index  (1967 

Petroleum  product  prices 

Gasoline,  rogular  (cents  per  gelloft) ..... 

Dealer  tank  wagon  price................... 

Prodircllon  cost. .... 

Transportation  cost 

Oistiibullon  cost...................... 

Dealer  margin............................ 

Tax 

Home  heating  oil  (No  2,  cents  per  gallon).. 

Production  coat  and  refinery  margin ..... 

Transport  cost 

Dealer  rnargin  and  di$lribuli'>i}  cost......... 

Tax..'. 

Performance  (27  largest  firms): 

Net  profits  (millions  of  dollars)/ 

Net  liquids  production  (million  barrels) 

Refined  product  sales (miihon  bairels)... ........ 

Net  pio/ii/product  sales  (dollars  per  barrel) 

Refinery  runs  (million  barrels)..... 

Produclion/refinery  runs.....' 


1971  1974 


2.945  12.81 


. .12 
.724 
.759 
40 

.105 

.337 

.10 
1,456 
5 552 
875 
105 
3 722 

3.41 

6 44 

5' 25 
10  00 

107.9 

166  4 

35.^ 

45  28 

17.56 

26  28 

11.5 

NA 

1-0 

NA 

S 06 

NA 

7.0 

8 0 

11.0 

11.0 

18  09 

36.4 

9.88 

NA 

88 

NA 

6 43 

NA 

.9 

.9 

6,319 

1H.02S 

7.828 

2 8, 890 

8,4« 

»9,204 

0 75 

1.S2 

7,568 

» 8, 381 

1.03 

*i.06 

1 Annual  rale  based  on  1st  quarter  1974  profits  of  $3,506,924 
r 1973  figures. 

> 1974  prolU  rale  divided  by  1973  product  sales 
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Natural  Gas 


Production  of  natural  gas  for  the  most  part  has  been  associated  with 
the  production  of  oil.  As  its  advantages  (highly 'efficient  and  available 
in  an  energy  sense,  clean)  became  known,  it  was  sought  separately  from 
oil.  Table  D.2.1-1  shows  that  production  increased  with  small  exception 
during  1950-73  while  reserves  peaked  in  1970  (Alaska  added). 

The  transportation  of  natural  gas  through  interstate  pipeline  is  quite 
efficient.  It  is  estimated  that  about  332  billion  cubic  feet  of  gas  are 
lost  out  of  21  trillion  cubic  feet  pumped  through  the  system.  It  Is  interest- 
ing to  note  that  about  1/10^  of  the  energy  transported  per  year  is  required 
to  pump  this  gas. 

The  cost  of  long-distance  transmission  of  gas  varies  between  one  to 
three  cents  per  million  BTU  per  100  miles.  Costs  are  relatively  insensitive 
to  distances  beyond  the  80  or  100  miles  that  compose  a line  section,  but 
economies  of  scale  are  very  significant.  Pipelines  installation  costs  are 
sensitive  to  the  remoteness  and  roughness  of  the  terrain,  as  indicated  by 
the  estimate  of  3 cents/10®  BTU/100  miles  for  48"  trans-Alaska  pipeline  and 
1.35  cents  estimate  for  a line  from  Portland,  Oregon  to  Los  Angeles. 

The  chief  prospect  for  reduction  in  transportation  cost  lies  in  the 
capital  savings  associated  with  development  of  lighter  and  stronger  pipe 
and  improved  construction  techniques. 

At  the  end  of  1969,  there  were  320  large  underground  storage  reservoirs 
with  a capacity  of  4.9  trillion  cubic  feet.  It  is  estimated  currently  that 
2.3%  of  the  natural  gas  produced  for  transmission  and  distribution  is  wasted. 
Most  of  this  loss,  probably,  is  in  the  distribution  where  in  many  cities 
the  piping  system  dates  from  the  19th  century. 


Liquefied  Natural  Gas  (LNG) 

LNG,  in  the  U.  S.,  is  used  primarily  for  peak  shaving  and  in  situations 
in  which  normal  gas  transmission  and  distribution  is  either  unavailable  or 
uneconomical.  The  technology  for  shipping  LNG  by  truck  is  well  in  hand, 
having  been  developed  for  commercial  liquefied  gases  and  for  handling  liquid 
••  gases  in  the  aerospace  program.  Much  more  economical  for  long  distance  ship- 
ment are  cryogenic  railroad  cars.  Lise  of  pipelines  has  been  considered  and 
rejected  for  long  distance  shipment;  insulation  and  refrigeration  stations 
needed  on  long  distance  LNG  pipelines  is  undecided,  one  published  figure  is 
every  25  miles,  while  another  report  recommends  every  100  to  150  miles. 

The  design  of  LNG  tankers  has  been  developing  rapidly  since  the  first 
prototype  went  to  sea  in  1959.  An  attempt  has  been  made  recently  to  improve 
tanker  hull  space  utilization  and  reduce  costs  through  introduction  of  the 
membrane  concept.  In  a membrane  tanker,  self  supporting  tanks  for  the  LNG 
are  replaced  by  a thin  membrane  of  cryogenic  material  which  is  supported  by 
the  insulation  and  hull  and  is  molded,  to  closely  follow  hull  contours. 
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About  7 billion  cubic  feet  of’ natural  gas  is  liquefied  annually  in  the 
U.  S.  and  stored  in  the  liquid  form.  The  handling  and  evaporation  of  LMG 
will  become  very  important  in  the  future  when  as  much  as  one  trillion  cubic 
feet  is  expected  to  be  imported  per  year. 

Government  intervention,  aside  from  that  connected  with  oil  production 
(gas  providing  an  important  natural  drive  in  crude  oil  wells),  has  mainly 
involved  the  control  of  prices  in  interstate  sales  of  gas.  It  is  generally 
felt  that  gas  prices  were  kept  artificially  low.  This  encouraged  overuse 
of  gas  as  well  as  lov/er  demands  (and  hence  lower  prices)  of  other  energy 
resources. 

Environmental  effects  of  gas' industry  operations  are  strongly  related 
to  oil  drilling  operations.  Other  factors  are  leaks  or  spills.  As  a fuel, 
natural  gas  is  very  clean,  i.e.,  there  are  no  serious  air  pollution  problems. 

Coal 


Coal  reserves  in  the  United  States  are  truly  staggering.  Resources 
known  from  exploration  and  mapping  are  1581  billion  tons  as  shown  in  Table 
D. 2.1-14.  This  includes  all  anthracite  and  bituminous  coal  in  seams 
greater  than  14  inches  and  all  subbitumlnous  coal  and  lignite  in  seams 
greater  than  30  inches  to  a depth  of  3000  ft.  An  equal  amount  of  coal  is 
projected  in  unmapped  regions  and  to  a depth  of  6000  ft.  Altogether  this 
gives  an  anticipated  resource  of  around  3200  billion  tons. 

Under  present  mining  techniques  only  about  1/3  of  the  known  reserves 
can  be  extracted;  with  improved  technology  it  is  anticipated  that  around 
1/2  of  these  reserves  may  be  utilized.  Using  the  most  recent  statistics 
from  1971  the  rate,  of  production  was  only  0.552  billion  tons  so  that 
reserves  are  ample  for  the  foreseeable  future. 

Not  only  are  coal  reserves  extensive,  they  are  also  widely  distributed 
across  the  continental  United  States,  occurring  broadly  in  each  section 
except  the  extreme  western  states.  This  distribution  Is  illustrated  in 
figure  D.2.1-1  and  again  in  Table  D, 2. 1-15.  Coal  is  generally  classified' 
by  type  and  sulfur  content.  Bituminous  coals  generally  have  a thermal  con- 
tent of  between  12000  to  15000  BTU/lb.;  subbituminous  coals  are  between 
8000  and  11000  BTU/lb.  and  lignite,  between  7000  to  8000  BTU/lb.  Eastern 
coals  are  generally  of  the  higher  thermal  content  type  and  offer  an 
advantage  in  shipping  costs.  Western  coals  are  frequently  found  near  the 
surface  and  are  in  thicker  seams  so  that  mining  costs  are  generally  less. 
Perhaps  even  more  important  is  the  lower  average  sulfur  content  of  western 
coals. 

The  most  significant  trends  in  mining  over  the  past  30  years  include 
increased  mechanization  and  a movement  toward  strip  mining.  In  1947,  .491  ■ 
billion  tons  were  from  underground  mines  whereas  only  ,139  billion  tons 
were  from  surface  mines.  Average  productivity  for  underground  mines  was 
5.49  tons/man-day  and  for  surface  mines  was  15.93  tons/man-days.  By 
1969  underground  mines  production  had  dropped  to  ,3635  billion  tons  and 
surface  mining  increased  to  .197  billion  tons.  Average  productivity 


Dr.,19 


TABLE  0.2.1-14.  TOTAL  ESTIMATED  COAL  RESERVES  OF  TH 
UNITED  STATES,  JANUARY  1,  1972,  BY  STATES 
WITH  MORE  THAN  10  BILLION  SHORT  TONS 
[0.  A.  Probst  and  W,  P.  Pratt-73] 


Identified  Hypothetical  Reserves 

State  Reserves  Overburden 

0-3000  ft  3000-6000  ft 

In  Millions  of  Short  Tons 


Alabama 

15,342 

20,000 

6,000 

Alaska 

130,081 

130,000 

5,000 

Arizona 

21,246 

0 

0 

Colorado 

80,581 

146,000 

145,000 

Illinois 

139,124 

100,000 

0 

Indiana 

34,573 

22,000 

0 

Iowa 

6,509 

14,000 

0 

Kansas 

18,674 

4,000 

0 

Kentucky 

64-, 842 

52,000 

0 

Missouri 

31,014 

18,200 

0 

Montana 

221,675 

157,000 

0 

New  Mexico 

61 ,427 

27,000 

21 ,000 

North  Dakota 

350,630 

180,000 

0 

Ohio 

41 ,358 

2,000 

0 

Oklahoma 

3,281 

20,000 

10,000 

Pennsylvania 

77,269 

10,000 

0 

Texas 

— 12,872 

14,000 

0 

Utah 

23,721 

21,000 

35,000 

Virginia 

9,687 

5,000 

100 

Washington 

6,179 

30,000 

15,000 

West  Virginia 

100,628 

0 

0 

Wyoming 

120,656 

325,000 

100,000 

Other  States 

9,618 

9,080 

5 

United  States 

1,580,987 

1 ,306,280 

337,105 

Total 

Reserves 


41 ,342 
265,081 
21,246 
371,581 
239,124 
56,573 
20,509 
22,674 
116,842 
49,214 
378,675 
109,427 
530,630 
43,358 
33,281 
87,269 
26,872 
79,721 
14,787 
51,179 
100,628 
545,656 

18,703 

3,224,372 


0 
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FIGURE  0,2. 1-1.  STRIPPABLE  RESERVES  OF  THE  CONTIGUOUS  UNITED  STATES,  BY  REGION 
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TABLE  D. 2, 1-1 5.  IDENTIFIED  COAL  RESERVES  OF  THE  UNITED  STATES, 
JANUARY  1,  1972,  BY  STATES  WITH  MORE 
THAN  10  BILLION  SHORT  TONS 
[U.  S.  Geological  Survey-74] 


State 

Bituminous 

Coal 

Sub-Bituminous 

Coal 

Lignite 

Total 

In  Millions  of  Short  Tons 

Eastern  Province 

Alabama 

Kentucky 

Ohio 

Pennsyl vania 
West  Virginia 

13,342 
64,842 
41 ,358 

56,759  (and  20,510  Anthracite) 
100,628 
297,439 

2,000 

15,342 

64,842 

41,358 

77,269 

100,626 

299,439 

Interior  Province 

111 inois 

Indiana 

Kansas 

Missouri 

Texas 

139,124 

34,573 

18,674 

31,014 

6,048 

229,433 

6,824 

139,124 

34,573 

18,674 

31,014 

12,872 

23'6.25r 

Northern  Great  Plains  Province 

Montana  2,299 

N.  Dakota 

Rocky  Mountain  Province 

131,855 

87,521 

350,630 

■438,15V 

221 ,675 
350,630 
572,305 

Arizona 
Colorado 
New  Mexico 
Utah 
Wyoming 

21,246 
62,339 
10,752  , 
23,541 
12,705 
130,583 

18,242 

50,671 

180 

107,951 

177,044 

21,246 

80,581 

61,423 

23,721 

120,656 

307,627 

Other  States 

47,641 

115,174 

2,544 

165,359 

U.S.  Total 

707,395 

424,073 

449,519 

1,580,987 
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increased  to  15.6  tons/man-day  in  underground  mines  primarily  due  to 
introduction  of  continuous  mining  techniques.  Productivity  in  surface 
mines  had  increased  to  35.7  tons/man-day.  [Papamarcos-74,39] 

Currently  enough  new  mines  are  being  opened  to  produce  .237  billion 
tons  of  new  production.  Surface  mines  account  for  about  60^  of  this  new 
capacity  as  seen  in  Table  D. 2. 1-1  6.-  Development  is  almost  evenly  divided 
between  mines  east  and  west  of  the  Mississippi  as  shown  in  Table  D. 2. 1-17. 
This  indicates  the  need  to  developi  mines  in  regions  where  low  sulfur  coal 
is  abundant. 

Coal  is  transported  by  a number  of  carrier  conveyances.  The  principal 
carriers  used  for  coal  transportation  are:  railroad,  truck,  water  borne 

carrier  and  pipeline. 

In  practice,  the  employed  transportation  conveyance  is  determined  on 
the  basis  of  economies.  The  endeavor  to  maximize  economic  gains  is  instru- 
mental in  selecting  a given  transportation  mode  for  particular  source/ 
destination/volume  parameters. 

In  1967:  • 

553,600  X 1Q3  tons  were  moved  by  rail, 

198,789  X 10^  tons  were  moved  by  river, 

106,156  X 10^  tons  were  moved  on  Great  Lakes, 

46,736  X 10^  tons  were  moved  by  tidewater, 

45,194  X 10^  tons' were  moved  by  truck, 

32,812  X 10^  tons  were  moved  by  tramway,  conveyor  and  private 

railroads. 

In  general,  3.3%  of  the  coal  is  used  at  the  mine,  11.5%  is  moved  by 
water,  12.6%  by  motor  vehicle  and  72.5%  by  rail. 

The  most  advanced- railroad  hauling  technology  now  in  regular  use  is 
the  unit  trains  concept,  which  consists  of  conventional  equipment  operating 
continuously  in  a train  dedicated  to  the  service  of  one  customer.  This 
concept  can  increase  the  utilization  of  cars  by  as  much  as  600%  and  reduces 
the  cost  of  loading,  unloading  and  switching  associated  with'coal  shipment 
as  part  of  a general  train  carrying  many  different  types  of  goods. 

Another  step  in  reducing  costs  is  the  construction  of  trains  specifi- 
cally designed  for  shuttle  use,  dubbed  integral  trains.  Such  trains  would 
consist  of  extra  large  cars  semipermanently  coupled  with  power  units  inter- 
spersed among  the  cars,  and  especially  designed  for  rapid  loading  and 
unloading.  With  power  units  at  either  end,  the  trains  would  not  need  to 
be  turned  around  at  terminals.  For  this  train  to  be  economical,  it  would 
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TABLE  D. 2. 1-16.  NEW  COAL  MINE  .CAPACITY  TOTALS  BY  YEARS  BY  MINING  METHOD  AND 
NUMBER  OF  MINES  (THOUSANDS  OF  TONS)  [Nielsen-75,  130] 


Year 

Deep 

Cap. 

No:  of 
Mi  nes 

Strip 

Cap. 

No,  of 
Mines 

Auger 

Cap. 

No.  of 
Mines 

Total 

Cap. 

Total 

Mines 

1973 

4.120 

8 

9,600 

7 

200 

2 

13,920 

17 

1974 

15,948 

15 

7,130 

12 

— 

— 

23,078 

27 

1975 

10,688 

17 

4,535 

4 

— 

— 

15,223 

21 

1976 

13,327 

13 

11,800 

4 

— 

— 

25,127 

17 

1977 

21,370 

16 

2,800 

1 

— 

— 

24,170 

17 

1978 

11,040 

10 

2,500 

1 

— 

— 

13,540  - 

11 

1979 

9,064 

5 

20,500 

2 

— 

— 

29,564 

7 

1980 

4,000 

1 

34,000 

4 

— 

— 

38,000 

5 

1981 

5,000 

2 

— 

— 

— 

— 

5,000 

2 

1982 

— 

— 

14,000 

1 . 

— 

— 

14,000 

1 

1983 

— 

35,000 

2 

— 

— 

35,000 

2 

Total 

94,567 

87 

141,865 

38 

200 

2 236,622 

127 
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TABLE  D.2.1-17.  NEW  COAL  MINE  CAPACITY  TOTALS  BY 
MINING  METHOD  AND  NUMBER  OF  MINES 
(THOUSANDS  OF  TONS)  [Nielsen-75,  130] 


State 

Deep 

Cap. 

No.  of 
Hines 

Strip 

Cap. 

^ No.  of 
' Mines 

Auger 

Cap. 

No.  of 
Mi  nes 

Total 

Cap. 

Total 

Hines 

Ala. 

11 ,750 

6 

- 

- 

- 

- 

11,750 

6 

Ariz. 

- 

- 

8,000 

1 

- 

- 

8,000 

1 

111. 

18,900 

7 

8,300 

3 

- 

- 

27,200 

10 

Ind. 

4,000 

1 

6,000 

2 

- 

- 

10,000 

3 

Kans. 

- 

- 

500 

1 

- 

- 

500 

1 

Ky. 

7,370 

n 

6,850 

7 

200 

2 

14,420 

20 

Md. 

- 

- 

120 

1 

- 

- 

120 

1 

Mont. 

- 

- 

21,000 

2 

- 

- 

21 ,000 

2 

N.M. 

- 

- 

5,000 

2 

- 

- 

5,000 

2 

Ohio 

7,400 

4 

950 

2 

- 

- 

8,350 

6 

Pa. 

9,388 

10 

1,260 

3 

- 

- 

10,698 

13 

Tenn. 

- 

- 

100 

1 

- 

- 

100 

1 

Tex. 

100 

1 

- 

- 

- 

- 

100 

1 

Utah 

1,300 

2 

- 

- 

- 

- 

1,300 

2 

Va. 

1,200 

1 

- 

- 

- 

- 

1,200 

1 

Wash. 

- 

- 

1,000 

1 

- 

- 

1,000 

1 

W.Va. 

32,149 

43 

1,285 

4 

- 

- 

33,434 

47 

Wyo. 

1,000 

1 

81 ; 500 

8 

- 

- 

82,500 

9 

Total 

94,557 

87 

141 .865 

38 

200 

2 

236,622 

127 
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, have  a capacity  of  about  35,000  tons  compared  with  10,000  tons  or  so  for 
current  large  trains.  Studies  indicate  that  the  integral  train  should  be 
competitive  with  coal  pipelines  and  even  gas  pipelines.  It  should  be 
remembered  that  railroads'  flexibility  and  hence  ability  to  institute  new 
procedures  is  hindered  by  rate  regulation,  labor  problems,  uncertainty 
caused  by  mergers,  etc. 

On  the  other  hand,  the  only  commercial  slurry  Dioeline  which  has  been 
operated  in  the  U.  S.  prior  to  the  line  from  Black  Mesa  to  the  Mohave  was 
built  1n  Ohio.  It  began  services  in  1958  and  contrived  to  run  through  1963. 
The  operation  of  the  Ohio  pipeline  is  generally  thought  to  have  proved  coal 
transportation  by  pipelirre  to  be  workable  and  slurry  preparation  to  be 
feasible,  but  it  did  not  prove  out  any  method  for  slurry  utilization  which 
was  deemed  satisfactory. 

It  has  been  suggested  that  oil  rather  than  water  be  used  for  slurring, 
to  increase  the  energy  throughout  of  coal  slurry  pipelines.  While  this 
might  be  attractive  if  coal  and  oil  were  found  together  and  shipped  to  the 
same  destination,  the  costs  of  moving  oil  to  the  coal  field  makes  this 
economically  unattractive.  In  addition,  oil  slurry  is  more  difficult  to 
handle. 


D.2.2  THE  ELECTRICITY  INDUSTRY 

Historical  production  of  electric -power  from  1947-74  is  given  in 
Table  D.2,2-1.  Over  this  period  there  has  been  a relatively  high  rate  of 
growth  in  electrical  usage.  An  especially  pressing  problem  in  the  produc- 
tion of  electricity  is  the  need  to  meet  daily  and  seasonal  peak  demands. 

The  daily  peaks  virtually  bracket  the  eight  hour  work  period.  The  seasonal 
peaks  have  varied  from  winter  (heating  and  more  evening  lighting)  to  summer 
(air  conditioning).  Power  companies  must  keep  the  necessary  capital  equip- 
ment to  meet  these  peak  demands. 


D.2.2.1  TYPES  OF  FUEL 

Projections  of  growth  in  the  electrical  industry  by  fuel  sectors  is 
shown  1n  Table  D. 2.2-2.  Traditionally  coal  has  been  the  major  fuel  source 
for  power  generation.  In  more  recent  years  environmental  considerations 
have  tended  to  push  utilities  toward  oil.  There  has  also  been  a definite 
move  toward  nuclear  power  although  this  trend  has  been  much  slower  than 
generally  anticipated  and  growth  targets  of  the  nuclear  industry  are 
regularly  revised  downward. 


D.2.2 *2  TYPES  OF  CONVERSION  SYSTEMS 
Oil  and  Coal  Fired 


In  spite  of  rapid  growth  in  the  startup  of  nuclear  plants  over  the 
past  several  years,  fossil  fuels  remain  dominant  in  the  generation  of 
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TABLE  D.2.2-1 


ELECTRIC  POWER  AND  GAS 


ELECTRIC  POWER 


YEAR 

PRODUCTION 

sales  TO  ULTIMATE  CUSTOMERS 

Total 

’ Electric  utiliim 

industrial  esiabh^ments 

Total 

Comrnercrai  and 
industrial 

Total 

By  toiirce 

8y  type  ol  producer 

Total 

By  source 

Small 

light 

and 

pewer 

Large 

light 

and 

powci 

‘ Fu«h 

Water- 

power 

Privately 

and 

murttcipally 

owi>fd 

uliliuei 

Other 
producers 
Ipublidy  ' 
OwrKd] 

Fuel! 

Water* 

^A1l1lC'\s  of  kilowatt  hours 

1917  . 

307  400 

355,739 

177  313 

78  425 

220^52 1 

35  218 

51,661 

47.02! 

4 641 

Z17  581 

38.379 

113  5? 

1949 

336809 

282,608 

200.278 

82  470 

241  353 

4t  34S 

S4  no 

49.SG0 

4,522 

240,740 

43  193 

124  081J 

1949  . . 

345  066 

391,100 

201,351 

89.74B 

246  522 

44  677 

S3  967 

48.942 

5,025 

248.542 

46.262 

120.76', 

1950  . ... 

388674 

329.14] 

233,203 

95  93B 

282  104 

47  037 

59533 

54  587 

4.946 

’ 280539 

51  753 

142,04P 

IS5t  . 

433,353 

370  673 

270922 

99,751 

319.462 

51  211 

62  685 

58  060 

4,626 

318.160 

58.770 

161,233 

1952 

H63055 

399.724 

294  121 

105,102 

339  616 

59  608 

63.Q31 

59.225 

4 6«5 

342,524 

63,561 

170.60& 

1953  ..  . 

514  169 

442  665 

337.431 

105,233 

375.895 

66,760 

71  505 

67.121 

4.384 

384.244 

70,863 

193,7(6 

541  64S 

471.686 

364  618 

107  069 

394  476 

77,211 

72.959 

68  387 

4.571 

410,904 

75,108 

203,91“ 

1955  

P29010 

S47  038 

434,063 

112,975  , 

446.721 

100.317 

51.972 

78.711 

3 261 

480,821 

77  880 

257  937 

1956 

584  804 

GOO  668 

478  639 

122,029 

487,020 

113.647 

84,136 

80  923 

3 208 

530  128 

84  521 

285,760 

716356 

631,507 

501275 

130,232 

503,793 

122714 

84.649 

81723 

3,125 

557  829 

91.702 

2SI  914 

1958  

724  ;S2 

645.098 

504.836 

140,262 

518,731 

126  367 

79.654 

76  301 

3,352 

569  16t 

97  683 

203,847 

795,251 

710  006 

672  224 

137,781 

578  852 

131.154 

85  245 

01872 

3,373 

626  743 

109  079 

312,616 

1960  , 

841,616 

753,350 

' C07  834 

145,516 

615,524 

137  626 

88  255  . 

84  659 

3 607 

683.189 

114  806 

344  799 

876711 

792  039 

640  139 

1 St. 690 

043  636 

146  403 

86  673 

83,308 

3 365 

’720,728 

104  504 

347  42T 

1962 

943482 

852.314 

684  032 

168,283 

692.704 

159.61 1 

91  168 

87  759 

3.409 

776  080 

144  095 

373  916 

1963  

1 008,081 

9H,|I9 

748.713 

165  406 

745,149 

168,971 

93  951 

90  806 

3 155 

830  811 

166  516 

388,3^ 

1964 

t 093741 

903  990 

606,917 

177.073 

806,446 

177  544 

99  751 

96  523 

3 228 

890  356 

183  539 

409  356 

1905  

1 157  503 

1 055  762 

861,431 

193  851 

659  414 

195  838 

197  331 

99.198 

3 134 

953.414 

202  112 

433  365 

1966  

1 249,444 

1,144  350 

949,594 

194.755 

933.464 

210.886 

105  094 

101,912 

3 182 

1.038  982 

22S  078 

465077 

1967 

1 317  301 

1 314  365 

; 992  847 

221.518 

036  227 

228  138 

102  930 

99.SD5 

3.430 

t.t07  023 

242  492 

465,043 

1968  

1 436029 

1,329  443 

1.106  952 

222  491 

1083.115 

246,326 

106.5B6 

103  203 

3 383 

1302  321 

265,051 

510  834 

ISG3  

1 S32.7S7 

1,442,162 

1 191.900  ‘ 

250,193 

1.171.776 

270.406 

110,575 

107  299 

3 276 

1 307,176 

786  686 

557  ?:o 

1970  

1 639  771 

i 531  609 

1 234  153 

247,456 

1,254  583 

277,026 

108,162 

104  919 

3,243 

1391359 

312,760 

572  522 

1971  . . 

1 717  520 

1 613936 

1.347  616 

265,320 

1 322^40 

291  396 

103  68S 

100325 

3,260 

t 466  441 

333.752, 

592  699 

1972  .... 

1 853,390 

1,747.323 

1,474  689 

272,734 

t 435  599 

301.724 

106  067 

102.678 

3,389 

1.S77  714 

361,859 

639  467 

1973  1,947,079 

1974  1,941  ,095 


OF  POOR  ^QUAIJT!^ 


TABLE  D.2.2-2. 

INSTALLED  CAPACITY  AND  GENERATION  FOR 
CENTRAL  STATION  POWER  PLANTS^ 


Year 

1969 


1977 


1985 


Type  of  Plant 

Installed  Capacity 
(1Q3  MWe) 

Power  Generated 
(10^  kW-hr) 

Hydropower 

53 

246 

Gas  turbine 

and 

I-C 

14 

15 

Gas -Steam 

78 

368 

Oil -Steam 

40 

150 

Coal -Steam 

143 

761 

LWR 

4 

13 

Total 

332 

1553 

Hydropower 

53 

246 

Gas  turbine 

and 

I-C 

36 

25 

Gas -Steam 

81 

392 

Oil -Steam 

61 

293 

Coal -Steam 

203 

980 

Lwr 

> 

90 

514 

Total 

'2450 

Hydropower 

55 

257 

Gas  turbine 

and 

I-C 

57 

40 

Gas -Steam 

79 

367 

Oil -Steam 

78 

364 

Coal -Steam 

250 

1175 

LWR 

258 

1469 

Total 

~wrr~ 

a 


Includes  industrial  self-generation. 
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electrical  power.  At  the  end  of  1974,  installed  generating  capacity  of 
electric  utilities  was  71%  fossil  fueled  steam  units.  Moreover,  another 
8.2%  of  generating  capacity  was  in  combustion  turbines  and  1.1%  .in 
internal  combustion  engines  so  that  altogether  80.2%  of  the  installed 
capacity  is  fossil  fueled.  In  comparison,  11.5%  of  generating  capacity 
was  in  hydroelectric  plants  and  only  6.4%  in  nuclear.  [EW-75,58] 

The  breakdown  by  fuel  sources  for  electrical  power  generation  from 
fossil  fuels  is  shown  in  Figure  D. 2. 2-1.  Historically,  the  bulk  of  elec- 
trical power  generation  is  from  coal.  However,  during  the  late  1960's 
use  of  coal  leveled  off  in  reaction  to  pressures  from  several  quarters. 

The  Coal  Mine  Health  and  Safety  Act  took  effect  in  1970.  Environmental 
pressures  and  shortages  of  low  sulfur  coal  also  restricted  coal  usage. 

A number  of  plants  were  converted  to  oil  and  natural  gas  during  this 
period.  However,  shortages  of  natural  gas  caused  a leveling  of  usage 
after  1970,  and  the  conversion  shifted  largely  to  oil.  In  1974,  a 
down  turn  is  noted  in  the  consumption  of  all  fossil  fuels  for  electrical 
power  generation  as  economic  conditions  resulted  in  a-decline  in  elec- 
trical power  generated  by  fossil  fuels  from  1585.7x10^  to  1550.4x10^  KW-hr. 
The  decline  in  coal  usage  can  probably  be  attributed  to  cutbacks  caused 
by  strike  created  shortages.  Reduced  oil  and  gas  usage  reflects  not  only 
economic  conditions  but  also  increased  fuel  costs  and  conservation 
measures. 

Conversion  of  existing  oil  or  gas  fired  units  to  coal  has  been 
ordered  by  the  FPC  wherever  possible.  Generally  those  units  originally 
designed  for  oil  or  gas  are  not  economically  convertible:  reasons  include 

lack  of  facilities  to  handle  coal  ash,  differences  in  boiler  design, 
lack  of  suitable  rail  access,  etc.  In  some  cases,  it  will  be  impossible 
to  reconvert  units  originally  designed  for  coal  and  converted  to  gas 
or  oil.  Upon  initial  conversion,  several  utilities  sold  coal  storage 
areas  or  rail  right-of-way  so  that  these  facilities  are  no  longer 
available.  Shortages  of  low  sulfur  coal  may  also  limit  reconversion. 
[Young  -75], 

Various  economic  pressures  together  with  shortages  of  natural  gas 
has  already  produced  a shift  back  toward  coal  as  the  dominant  fuel  for 
future  electrical  power  generation  as  shown  below.  [Eiil-75,  58] 


Coal  Utilization  in  New  Orders 
for  Fossil  Fueled  Generation 


1971 

40% 

1972 

60% 

1973 

90% 

1974 

98% 

However,  the  impact  of  the  swing  to  coal  is  impeded  by  the  worsening 
financial  problems  affecting  both  the  overall  economy  and  the  electric 
utilities.  During  1974,  some  100  fossil  fired  units  involving  57,535  MW 
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of  capacity  have  been  postponed  or  cancelled.  This  represents  approxi- 
mately 58%  of  the  industrial  backlog.  The  nuclear  power  industry  has 
been  similarly  hard  hit  with  121  units  totaling  126,386  MW  cancelled 
or  postponed.  Another  14  nuclear  units  which  v/ere  planned  have  been 
postponed  giving  65%  of  the  backlog  which  is  to  be  delayed. 


Nuclear 


By  far,  the  largest  fraction  of  electrical  energy  produced  in  the 
United  States  today  is  produced  in  central  power  stations  employing 
steam-driven  turbines  to  turn  electric  generators.  All  such  plants 
have  certain  features  in  common.  First,  each  has  what  is  known  in 
the  industry  as  a "steam  supply  system",  which  produces  high  pressure 
steam  from  ordinary  water.  In  today's  power  plants  using  conventional 
boilers,  the  heat  needed  to  produce  the  steam  is  supplied  by  burning 
fossil  fuels.  In  nuclear  plants,  this  heat  is  provided  by  nuclear 
fission  of  uranium  or  other  fissile  material. 

The  nuclear  energy  industry  in  the  United  States  is  structured 
on  three  types  of  reactor  concepts;  the  Pressurized  Water  Reactor 
(PWR),  the  Boiling  Water  Reactor  (BUR)  and  the  High  Temperature  Gas- 
Cooled  Reactor  (HTGR).  As  of  May  1975,  there  were  53  nuclear  power 
plants  licensed  for  commercial  operation:  29  PWR's,  23  BWR's  and 

one  HTGR.  This  corresponds  to  a total  net  maximum  capacity  of  36.7  GWe. 

Historically,  the  plant  load  factor  has  been  around  60  percent, 
including  both  scheduled  and  forced  shutdowns.  At  the  present  time., 
three  BWR's  have  been  derated  to  50%  of  their  full  power  due  to 
vibration  problems  associated  with  the  incore  instrumentation.  Three 
other  plants  are  down  for  repair  and  modifications  in  the  Emergency 
Core  Cooling  System,  and“twd  are  shut  down  due  to  a fire  incident 
during  leak  testing  in  the  control  room.  [NI-75,24] 

The  efficiency  rating  for  a 1 GWe  nuclear  power  plant  is  around 
33  percent.  This  has  varied  from  19.8  to  35.9  percent  for  commercially 
licensed  plants.  [AEC-73-2] 


The  most  important  fuel  materials  presently  found  in  the  nuclear 
energy  industry  contain  the  isotopes  of  uranium  (U-238,  U-235  and  U-233), 
the  fipile  isotopes  of  plutonium  (Pu-239  and  Pu-241),  and  thorium-232. 
Plutonium-239,  not  naturally  available,  and  uranium-233  are  produced 
from  neutron  capture  reactions  in  uranium-238  and  thorium-232,  respectively. 

Uranium  in  the  form  of  uranium  dioxide  (about  97%  U-238  and  3%  U-235) 
fuels  Light  Water  Reactors  (LWR).  In  the  case  of  the  High  Temperature  Gas- 
Cooled  Reactor,  a combination  of  highly  enriched  uranium  (over  90%  U-235) 
and  thorium-232  carbide  coated  particles  is  used  as  fuel.  No  fuel 
materials  are  comraercially  fabricated  from  plutonium  and  uranium-233 
at  the  pres-ent  time.  They  are  the  potential  fuels  for  the  breeder- 
reactors  envisioned  in' the  future. 
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The  nuclear  fuel  cycle  typically  consists  of  the  following  operations: 
mining  and  milling,  conversion,  enrichment,  fabrication,  utilization  in 
a nuclear  reactor,  reprocessing,  and  waste  management.  Transportation 
is  the  common  element  between  the  various  steps  in  the  fuel  cycle. 

Uranium  ore  is  obtained  either  from  underground  or  open-pit  mines 
with  approximately  55%  currently  coming  from  underground  mines.  There 
are  some  170  domestic  uranium  mines  with  a capacity. to  produce  about 
9 million  tons  of  ore  a year.  Less  than  7 million  tons  annually  are 
now  produced.  [NI-75,31J 

Conventional  uranium  resources,  98%  from  sandstone  deposits,  are 
estimated  as  700,000  tons  of  U3O3  (up  to  $30/1 b)  in  the  category  of 
reasonably  assured  resources  and  1.5  million  tons  of  U3O8  (about  $30/1 b 
or  less)  in  the  estimated  additional  resources  category.  The  Energy 
Research  and  Development  Administration  (ERDA)  has  added  another  million 
tons  of  U^Og  to  the  latter.  [NN-75,363 

Nonconventional  uranium  resources  are  estimated  at  2.7  million  tons 
of  UgOg  at  a forward  cost  of  up  to  $100  per  pound  of  UgOg.  These 
resources  come  mainly  as  by-product  of  the  copper  and  phosphate  industries. 
About  320  million  pounds  of  uranium  would  be  recoverable  at  an  approximate 
cost  of  $10  per  pound  from  the  processing  phosphate  solutions.  Another 
potential  source  of  uranium  is  the  phosphate  rock  from  central  Florida. 
Actual  phosphoric  acid  production  from  this  rock  is  4.5  million  tons' 
per  year  with  an  UgOg  content  of  4 million  pounds.  [NN-75,36] 

Sixteen  uranium  milling  plants  are  operating  in  the  United  States 
with  a maximum  capacity  of  14,000  tons  of  uranium  per  year.  EPoole-75,97J 

Capacity  for  UgOg  conversion  to  UFg  stands  at  17,200  metric  tons 
of  uranium  per  annum. 

The  enrichment  of  uranium  continues  to  be  the  only  major  step 
in  the  nuclear  fuel  cycle  that  is  not  performed  by  industry  as  a 
commercial  enterprise.  Uranium  Enrichment  Associates  has  a firm 
commitment  with  ERDA  to  build  a nine  million  Separative  Work  Units 
(SWU)  gaseous  diffusion  plant  near  Dothan,  Alabama.  The  proposed 
facility  will  require  2,500  MWe.  The  plant  will  supply  enriched 
uranium  to  approximately  100  (IGWe)  nuclear  power  plants. 

A gas  centrifuge  enrichment  plant  proposal  has  been  submitted 
by  CENTAR  Associates  to  ERDA.  The  plant  would  fuel  up  to  30  LWR's 
at  full  commercial  size  in  1986.  The  centrifuge  system  requires 
about  10  percent  of  the  power  needed  in  the  gas  diffusion  process. 

CENTAR  points  out  that  the  plant  can  be  operated  economically  at 
one-third  the  size  and  one-third  the  capital  needed  for  a gaseous 
diffusion  plant.  [NI-75,143 

Domestic  capacity  for  fuel  element  fabrication  using  UOo  is  about 
4,500  metric  tons  per  year  of  uranium. 


The  function  of  the  fuel  reprocessing  plant  is  to  recover  the 
residual  fuel  materials  for  re-use  and  isolate  radioactive  wastes 
for  storage  and  ultimate  disposal. 

At  the  present  time  there  are  no  commercial  reprocessing  plants 
in  operation.  This  has  created  a backlog  of  LWR  spent  fuel  elements 
of  over  lODO  metric  tons  of  uranium.  The  Nuclear  Fuel  Services  facility, 
shut. down  for  expansion,  plans  to  reopen  with  a capacity  of  750  tons/ 
year  in  1978;  the  Mid-West  Fuel  Recovery  Plant  was  delayed  for  about 
two  years  due  to  certain  problems  during  the  testing  phase;  and  the 
Barnwell  Nuclear  Fuel  Plant  is  scheduled  to  begin  operation  in  late 
1976,  with  a capacity  of  1500  tons/year.  Due  to  this  situation,  it 
is  expected  that  the  backlog  of  unreprocessed  spent  fuel  will  extend 
into  the  near  mid  term  (1985).  [NI-75,38J 

The  capacity  to  handle  the  transportation  of  fresh  fuel,  spent 
fuel  and  nuclear  waste  is  adequate  at  this  moment.  These  are  usually 
handled  by  railroad;  however,  increased  rail  rates  may  move  the  shippers 
to  truck  transport. 

Another  important  area  in  the  transport  of  spent  fuel  elements 
is  the  number  of  shipping  casks  available.  There  are  only  two  companies 
involved  in  this  activity:  Nuclear  Fuel  Services  and  General  Electric. 

The  highest  capacity  cask  available,  as  of  October  1973,  is  the  GE  F-300. 
This  can  carry  seven  Pressurized  Water  Reactor  (PWR)  assemblies  or 
eighteen  Boiling  Water  Reactor  (BWR)  assemblies.  PWR's  discharge  about 
120  to  200  assemblies  per  core  replacement  loading,  while  a large  BWR 
averages  about  360  to  760  per  core  loading. 

Hydroelectric 


"Water  has  been  used  for  the  production  of  some  forms  of  power  since  Roman 
times.  Many  hydroelectric  power-generation  stations  exist  today  with 
capacities  well  in  excess  of  10’^  MW  . The  ultimate  world  capacity  for 
energy  production  from  this  source  has  been  estimated  to  be  2.857  x 10®  MW 
with:  ^ 

0.780  X 10®  MWg  in  Africa 
0.577  X 10^  MW  'in  South  America 
0.186  X 10®  MWg  in  the  United  States 

It  is  interesting  to  note  that  the  fossil -fuel  poor  regions  of  Africa 
and  South  America  have  the  richest  sources  of  hydroelectric  power  potential. 

An  estimate  of  the  ultimate  U.S.  hydroelectric  capacity  is  given  in 
Table  D.2,2-3  (U.  S.  Geological  Survey). 

Except  for  a few  large  new  sites  ranging  from  500  to  2500  MW,  the 
planned  hydroelectric  developments  will  include  mostly  small  sites  of 
less  than  200  MW  capacity.  If  planned  expansions  occur,  about  60%  of 
the  potential  hydroelectric  energy  in  the  U.S.  will  be  harnessed  by  1985. 
Necessarily,  the  undeveloped  potential  sources  will  be  mostly  widely  scattered 
small  sites  in  the  50  to  150  MW  range  that  may  never  be  developed  for  economic 
reasons.  Laws  to  preserve  rivers  in  their  natural  wild  state  may  limit 
the  development  of  the  planned  sites. 
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TABLE  D.2.2-3.  U.  S.  HYDROELECTRIC  CAPACITY 
[U.  S.  Geological  Survey-74] 


Region 

Ultimate  Capacity  I 

(10^  MWg) 

1972  installed 
capacity  10^  MWg 

New  England 

6.8 

1.51 

Middle  Atlantic 

16.5 

4.25 

East  North  Central 

2.2 

0.96 

West  North  Central 

7.1 

2.73 

South  Atlantic 

14.5 

5.47 

East  South  Atlantic 

9-.1 

5.22 

West  South  Central 

5.3 

2.10 

Mountain 

32.4 

6.22 

Pacific 

62.2 

24.86 

Alaska 

32.6 

1 0.08 

Hawai i 

0.1 

i 0.02 

186.8 

1 53.40 
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A developing  trend  in  electric  generation  is  the  use  of  reservoirs 
to  store  water.  Baseload  fossil  fuel  plants  and  nuclear  plants  can  be 
used  to  store  water  for  peaking  purposes.  The  stored  water  can  be  used 
as  a conventional  hydroelectric  power  when  electrical  demand  peaks  during 
daylight  hours  on  weekdays.  The  reversible  pump-turbine-generator  permits 
water  to  be  pumped  uphill  and  also  provides  generation  of  electric  power 
with  the  same  unit  when  the  water  falls.  Of  course,  the  availability 
of  pumped  storage  sites  depends  mostly  on  topography.  A high  head  must 
exist  between  two  reservoirs  in  the  same  area.  Most  of  the  planned  pumped 
storage  facilities  are  in  the  Appalacian  Mountain  area  of  the  Carolines, 
Virginia,  West  Virginia  and  Kentucky.  Additional  sites  are  planned  in 
California  and  the  Ozarks. 


D.2.2.3  TRANSMISSION  AND  DISTRIBUTION  (T&D)  OF  ELECTRIC  POWER 

Electric  power  to  be  transmitted  is  either  AC  or  DC,  and  the  modes 
of  transmission  and  distribution  are  either  overhead  or  underground. 

T & D,  in  the  past,  has  accounted  for  more  than  50%  of  the  utilities* 
investments,  and  this  investment  is  still  serving  the  industry  well. 

In  this  section,  a discussion  on  the  cost  of  T & D,  the  voltage 
levels  and  advantages  and  disadvantages  of  DC  transmission  will  be 
presented. 

Cost  of  electric  power  transportation  varies  considerably  with  the 
terrain  to  be  crossed,  right-of-way  costs,  labor  costs,  voltage  and 
line  capacity.  DC  lines  usually  cost  approximately  0.65  to  0.75  times 
as  much  as  an  AC  overhead  line  of  comparable  capacity  exclusive  of 
terminal  equipment.  Cost  ratios  for  underground  to  aerial  transmission 
for  equal  capacity  lines'  range  trom  ten  to  one  to  forty  to  one.  Labor 
and  right-of-way  costs  as  well  as  the  type  of  cable  systems  and  terrain 
being  traversed  affect  this  ratio.  Cost  of  power  transmission  in  urban 
areas  will  increase  in  the  future  due  to  escalating  right-of-way  expenses 
and  environmental  pressure  to  install  underground  transmission.  Table 
D.2.2-4  lists  the  total  unit  mileages  in  the  U.  S.  at  the  various  voltage 
levels  in  1968. 

American  and  Canadian  Electric  Power  Companies  operate  765  KV  lines. 
Research  is  now  in  progress  for  new  voltage  levels  in  the  range  from 
1000  KV  to  1500  KV.  The  nature  of  the  load  differs  seasonably  from  one 
part  of  the  country. to  another,  and  also  load  diversity  occurs  due  to 
time  zones.  Generally,  the  surrmer  and  winter  loads  are  much  more  com- 
parable than  in  Europe  due  to  the  extensive  use  of  air  conditioning 
during  the  surnner.  The  ratio  of:  (sunnier  peak)/(peak  load  in  the 

following  December)  is  used  to  assess  this  characteristic.  Transmission 
of  excess  generating  capacity  from  one  region  to  aviod  the  necessity 
for  new  generating  plants  in  another  seems  to  offer  an  economical 
solution. 
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TABLE  D.2.2-4.  VOLTAGE  LEVELS  & MILES 


Voltage  Level 
(KV) 

Miles 

Below  69 

136,000 

69 

82,000 

115 

77,000 

138 

47,000 

230 

37,000 

345 

9,000 

500 

TOTAL 

5,000 

392,000 
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The  corresponding  relationship  between  the  cost  of  transmission  and 
power  transmitted  is  shown  in  Figure ,D. 2. 2-2  for  345  KV  and  765  circuits 
of  various  lengths.  [Weedy-72].  One  motivation  behind  using  higher  voltage 
levels  is  to  maintain  high  efficiency  'Of  transmission  systems  (above  90%). 
Another  motivation  is  to  allov^  the  bulk  transmission  of  a block  of  electric 
power  a longer  distance  for  the  same  (I^R)  resistive  line  loss. 

Although  most  overhead  transmission  lines  in  the  U.S.  employ  AC, 

DC  lines  are  being  used  for  long  distances,  large  block  electric  trans- 
mission. Typically,  DC  lines  show  lower  transmission  cost  than  AC  for 
lines  longer  than  350-700  miles. 


Advantages  of  DC  transmission  are: 

Higher  power  capability  for  a given  voltage  level. 

Less  corona  loss  and  radio  interference  for  a given  voltage 
level , 

Transmission  line  conductors  and  towers  are  smaller  for  a 
given  power  capacity. 

Connection  of  power  systems  through  DC  transmission  line 
leads  to  more  stable  systems  operation. 

Disadvantages  of  DC  transmission  are: 

Rectification  high  cost, 

Lack  of  adequate  DC  circuit  breakers, 

Limited  transmission  from  point-to-point  (intermediate 
tapping-off  is  not  feasible). 

Underground  transmission,  as  cpmpafed  to  overhead  transmission 
requires  less  right-of-way,  but  is  derated  because: 

Inability  to  dissipate  heat  losses, 

Insulating  materials  manufacturing  problems. 

Required  short  inductor  compensation  (because  of  the  close 
spacing  in  trenches). 

Reliability  problems  and  high  cost  of  repair. 

Connecting  joints  and  feed  joints  (for  oil  to  flow  from 
reservoirs  to  enter  cable)  represent  the  limiting  part  of 
a cable  system. 

To  remain  flexible,  there  exists  an  upper  limit  on  the 
overall  cable  diameter  and  hence  to  its  conductor  size. 


FIGURE  D. 2.2-2.  TRANSMISSION  COSTS  VERSUS  POWER  TRANSMITTED  FOR 
345  KV  AND  765  KV  CIRCUITS  OF  VARIOUS  LENGTHS. 

lWeedy-72j 
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A breakdown  of  costs  for  a 345  KV  pipe  type  cable  is  shown  in 
Figure  D. 2.2-3.  [Weedy-72] 

T^e  losses  in  the  AC  and  DC  transmission  are  to  be  considered  next. 

The  (I  R)  AC  loss  of  the  conductor  represents  the  largest  heat  source 
The  alternating  - current  resistance  of  the  conductor  is  the  direct  -* 
current  resistance  modified  to  account  for  the  skin  and  proximity 
effects.  Skin  effects  even  at  power  frequency  are  significant  and  increase 
with  conductor  cross-section.  With  large  conductors  the  increase  in  AC 
resistance  due  to  this  cause  is  of  the  order  of  20%.  Proximity  effects 
include  the  eddy  currents  induced  in  the  conductor  and  sheath  of  a 
cable  in  a circuit  comprising  three  separate  single  conductor  cables 
by  the  conductor  fluxes  of  the  neighboring  cables.  Further  losses 
are  induced  into  steel-wire  armoring  wound  around  some  cables  for 
mechanical  protection. 

D.2.2.4  PROFITABILITY  OF  PUBLIC  UTILITIES 

Table  D.2.2-5  shows  some  history  of  power  industry  construction  expendi- 
tures and  their  internal  vs.  external  origin.  The  most  recent  trend  is 
toward  external  financing  which  generally  is  more  costly  for  a given  type 
of  investment. 


Load  Factors  and  the  Peak  Capacity  Problems 

The  utilization  efficiency  and  production  costs  for  electrical  energy 
- are  determined,  in  part,  by  the  load  factor  which  is  equal  to  the  ratio  of 
actual! y\p reduced  electrical  energy  to  the  potential  annual  production. 

The  average  load  factor  jn  the  U,  S.  has  been  about  50%  in  recent  years, 
which  is  slightly  higher  than  the  world  average  but  lower  than  the  load 
factor  achieved  in  1972  in  Japan  (56%)  and  in  Canada  (53%).  During  the 
same  year,  a load  factor  of  only  40%  was  reached  in  England. 

Electrical  energy  demand  in  the  U.  S.  shows  diurnal,  weekly  and  annual 
cycles.  Demand  fluctuations  result  in  cyc1i,c  peak  load  curves  for  utilities. 
Electric  utilities  are  designed  to  meet  peak  demand.  The  plants  producing 
electricity  at  the  lowest  cost  are  used  to  supply  base-load  demands,  while 
peak  demands  are  met  by  less  economical  generation  facilities.  Electrical 
energy  prices  to  the  consumer,  financial  requirements  of  the  utilities 
and  environmental  costs  involved  in  electricity  production  would  all  be 
reduced  substantially  by  smoothing  the  cyclic-demand  fluctuations. 

The  current  rate  design  involves  cross-subsidization  among  and  between 
customer  classes  and  between  users  who  demand  peak  loads  at  different  times 
during  the  day.  Off-peak  consumers  are  effectively  subsidizing  the  users 
of  electrical  power  during  periods  of  peak  demand  who,  at  the  same  time, 
force  the  utilities  to  expand  capacity  and  to  operate  less  efficient  gen- 
erating facilities  that  may  also  consume  scarce  or  expensive  fuels.  It  is 
likely  that  "time-of-day"  pricing  (i.e.,  increasing  utility  rates  according 
to  demand)  would  tend  to  defer  some  of  the  peak  loads  to  off-peak  periods. 
Time-of-day  meters  and  pricing  have  been  used  in  France  and  have  been  shown 
to  reduce  peak  demand. 


$ gOO/MVA-km 
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FIGURE  D.2.2-3.  COST  COMPONEfJTS  OF  CONVENTIONAL  345  KV  PIPE-TYPE  CABLE 

[Weedy-72] 


TABLE  D.2.2-5 


U.S.  ELECTRIC  POVs’L-  I^mUSTRif 
soimcES  OP  coiiSTP.ucTi^ :: 

1S50  - 

(Billions^ 


Construction 
Funds  Prov^d^d__Bjf  __ 

Percent  of 
Construction 
Funds  Provided 

7 Funds 

Construction  Generated 
Expenditures  Internally 

9 

External 

Financing. 

10  11 
Intern  ollv  Externally 

(A) 

(B) 

(c) 

(D) 

(2) 

1950-4 

$17.8 

$ 7.2 

$10.6 

40^ 

60?o 

1955-9 

21.7 

1 

23.0 

9.7 

12.0 

45 

55 

1960-4 

13.6 

9.4 

59 

41 

1965-9 

40.0 

20.0 

20.0 

50 

50 

1970-4* 

83.0 

27.0 

56.0 

33  . 

67 

♦197A  is  estinstea, 

Sourcesi  Blectricsl  Worldj  "Statistical  Reports," 

1959*  I9&6  and  1974  and  EBASCO  Business  and 
Economic  Charts,  1970  and  1974. 
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Projections  of  future  productions,  loads  and  capacities  up  to  1990  are 
given  in  Table  D.2.2-6  for  eight  cases  in  the  National  Power  Survey.  Table 
D.2.2-1  gives  a slightly  different  picture  by  types  of  plants  to  the  year 
2020.  Table  D.2.2-7  presents  a third  view  that  is  more  comprehensive. 


D.3  DEVELOPING  ENERGY  SYSTEMS 

The  energy  crisis  has  given  a new  impetus  to  several  proposed  energy 
sources.  These  may  represent' either  hew  uses  of  traditional  fuels  or  may 
utilize  some  fuel  which  heretofore  has  not  been  developed.  The  major  change 
has  been  the  rapid  realignment  of  fuel  cost.  Processes  which  as  recently 
as  1973  were  little  more  than  a technological  curiosity  are  now  appearing 
economically  attractive. 


D.3.1  FOSSIL  FUELS 
Coal  Liquefaction 

Research  into  liquefaction  of  coal  has  been  underway  for  around 
50  years.  The  technical  feasibility  of  such  processes  is  well  demonstrated 
at  this  time;  Germany  produced  a significant  quantity  of  synthetic  fuel 
duriQp  World  War  II  and  since  that  time  the  process  has  undergone  consid- 
erable development  in  South  Africa.  The  motivation  in  both  cases  has 
been  the  same:  fear  of  actual  or  threatened  disruption  of  natural  supplies. 

As  long  as  middle  eastern  oil  remained  low  in  cost  and  stable  in 
supply  there  appeared  little  incentive  to  develop  similar  processes  world 
wide;  the  situation  now  appears  to  have  changed.  Today  a number  of 
coal  liquefaction  processes. are  being  reviewed  or  developed.  The  major 
processes  under  known  development  are  listed  in  Table  D-S.!-] 
efficiencies  and  costs  are  generally  not  known.  While  estimates  are 
available  from  the  developers  of  each  process,  the  recent  history  of  cost 
overruns  in  areas  involving  R&D  in  advanced  technology  makes  such  estimates 
highly  questionable.  Present  best  estimates  suggest  costs  of  between 
$6.40  and'  $9.60  a barrel.  ERuedisili-75 , 418J  The  lower  figure  applies 
to  low  sulfur  boiler  feedstock  and  the  higher  to  refinery  feedstock.  Both 
estimates  are  below  current  OPEC  prices  so  that  economic  viability  of  such 
processes  appears  possible. 

Coal  Gasification 

Coal  gasification  is  proceeding  at  a fairly  rapid  rate.  As  of  March 
1975  at  least  29  plants  are  under  study  as  shown  in  Table  D.3. 1-2.  The 
Lurgi  process  used  in  South  Africa  is  the  best  developed.  Similar  plants 
are  now. under  development  in  the  United  States  and  were  scheduled  to  begin 
production  of  low  BTU  gas  in  1976  and  high  BTU  gas  somewhat  later.  CCA- 
75,  94]  Environmentalists  have  filed  suit  to  delay  construction  until  full 
impacts  can  be  assessed. 


TABLE  D. 2.2-6.  U.  S. 


ELECTRIC  POWER  INDUSTRY  ELECTRICAL  OUTPUT,  LOADS  AND  CAPACITIES  1970-1990 


[FPC-FO-74] 


Cases  Case 

I & lA  II 

Moderate  Historic 
Growth  Growth 


Case 

Case 

Case 

Case 

Case 

m 

IV 

V 

VI 

VII 

Modified 

Low 

All- 

Zero 

Topping 

Topping 

Growth 

Electric 

Growth 

Out 

Out 

_ ^ 

Electrical'  TAC-Power 

World’s  Supply  Projections 

25th  .2  "Most  Probable 

Forecast  Case"  3 


584 

819 

1,0?6 


.1 

Source  of  1970  actual  data  la  "Statistical  Year  Book  of  the  Electric  Utility  Industry,"  Edison  Electric  Institute, 

New  York,  New  York.  Excludes  non-utility  private  power  plant  generation.  The  values  shown  in  this  table  are  given 
historic  perspective  in  Figures  G,  H and  I. 

'^Electrical  World > September  15,  1974. 

•^Report  to  the  Federal  Power  Coroaiisslon  by  the  Technical  Advisory  Committee  on  Power  Supply,  advisory  to  the  FPC 
in  connection  with  the  National  Power  Survey, 

'4 

Arithosetlc  sum  of  system  peak  loads.  These  figures  do  not  represent  national  coincident  peak  loads  and  eu:«  therefore 
overstated  by  time  zone  and  seasonal  diversities. 
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TABLED.  2.2-7.  U.  S.  GROWTH  COMPONENTS 


YEAR 

INSTALLED 
GENERATING 
CAPACITY 
TOTAL  U.  S. 
KWIN  MILLIONS 

GROSS 
NATIONAL 
PRODUCT 
5ILLI0N  1974S 

CONSUMER 
DISPOSABLE 
INCOME 
BILLION  1974$ 

BUSINESS 
CAPITAL 
EXPENDITUPES 
BILLION  19745 

INDUSTRIAL 
PRODUCTION 
(1967  " lOOJ 

TOTAL 

EMPLOYMENT 

MILLIONS 

POPULATION 

AT 

MtD-YEAR 

MILLIONS 

HOUSEHOLDS 

AT 

MID-YEAR 

MILLIONS 

1963 

228.7 

924.9 

614.9 

63.1 

763 

87.7 

189.2 

55.6 

1964 

240.5 

S75.1 

657  S 

71.8 

81.7 

09.3 

191.9 

56 .5 

1965 

254.6 

1.C38.7 

701.2' 

81.9 

89.2 

71.1 

1943 

57.7 

1966 

266.3 

1.104,3 

739.7 

93  3 

97.9 

72.9 

196  6 

586 

1SG7 

28B.2 

1.133  0 

769.7 

93.1 

1000 

74.4 

1387 

59  6 

1965 

310.2 

1,1857 

804.3 

93.4 

105.7 

75  9 

200.7 

613 

1363 

332.0 

1,217  6 

327.9 

99.5 

110.7 

77.9 

202.7 

62.5 

1976 

360.3 

1,212  4 

862  0 

99.9 

106.6 

78  6 

204  9 

63.8 

1971 

386  7 

1.2S0  S 

S95.1 

97.1 

106  8 

79.1 

207  0 

65  2 

1972 

X 418  5 

1,329  5 

937.8 

100.7 

115.2 

81.7 

2083 

67.1 

1973 

452  9 

1,411.0 

1,003  6 

108.2 

125  6 

84  4 

210.4 

68.7 

1974 

457.4 

1,397.4 

973.7 

nzA 

124  7 

65.9 

2113 

703 

forecast 

KW  IN  MILLIONS 

BILLION  1374$ 

BILLION  1974S 

BILLION  1974S 

PRODUCTION 

EMPLOYMSNT 

POPULATION 

HOUSEHOLDS 

1975 

475.7 

1,433.0 

975.0 

116.5 

130.2 

87.8 

2137 

71.9 

1976 

506  6 

1,483S 

1,810.0 

121 

135.5 

89.4 

215  4 

733 

1977 

539.6 

1,516.5 

1,040  0 

124.8 

137.3 

90.0 

2173 

75,1 

1978 

574,7 

1,569.5 

1,076.5 

129  8 

143.5 

91.6 

219.1 

7€6 

1979 

912.0 

1,6249 

1.115J) 

135  0 

1495 

93J2 

221.1 

78.1  . 

1980 

651  B 

1,681.5 

1,154.0 

1405 

156  0 

S4.8 

2230 

793 

1981 

690.9 

1,723  5 

1,186.5 

144.7 

159,0 

95.5 

225  0 

81  C 

1932 

732  3 

1,7925 

1.227.0 

150.S 

155.5 

97  0 

227  0 

82  4 

1983 

776  3 

1.855  0 

1,270.0 

156.5 

172.0 

98  S 

229  2 

33.8 

1984 

822  9 

1.S200 

1,313.0 

163.0 

179,0 

100.0 

231.3 

8S.2 

1985 

C7Z.2 

1,968  0 

1,350.0 

163.0 

136.0 

100.7 

2333 

BO  6 

1990 

1.140.0 

2,308  5 

1,572  5 

2Q2.5 

228.0 

105.7 

243  0 

92.S 

ORIGMAU  PAGE  IS 
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TABLE  D.3.1-1 

SUMMARY  OF  COAL  .LIQUEFACTION  PROCESSES 

Applications 

Processes 

Refinery  Feed  Low  Ash  - Low  Sulfur 
Stock  Boiler  Fuel 


Fischer  Tropsch  (South  Africa) 

Commercial 

COED 

Pilot  Plant 

Project  Gasoline 

Pilot  Plant 

H-Coal 

Pilot  Plant 

Pilot  Plant 

Synthoil 

Developmental 

Developmental 

“Pamco 

Pilot  Plant 

D-43 


TABLE  D.3.1-2  ANNOUNCED  PLANS  FOR  COAL  CONVERSION  PLANTS 

[CA-75,94] 


Controlling  Company (s) 

Site 

Process 

Coal  Feed, 
tons/day 

Plant  Output, 
million  CF/day 

Startup 

Date 

El  Paso  Natural  Gas  Co. 

Four  Corners  Area 
New  Mexico 

Lurgi  gasification 
with  methanation 

28,250 

288 

Texas  Eastern  Transmission 
Corp.  and  Pacific  Lighting 
Corp.  (Utah  International  Corp.) 

Four  Corners  Area 
New  Mexico 

Lurgi  gasification 
with  methanation 

102,500 

moo 

(4  plants) 

1978 

Panhandle  Eastern  Pipe 
Line  Co.  (Peabody  Coal  Co.) 

Eastern  Wyoming 

Lurgi  gasification 
with  methanation 

25,000 

270 

1978-80 

Natural  Gas  Pipeline  Co. 
of  America 

Dunn  County, 
North  Dakota 

Lurgi  gasification 
with  methanation 

108,500 
(4  mines) 

1000 

(4  plants) 

1982 

American  Natural  Gas  Co. 
(North  American  Coal  Corp.) 

Beulah-Hazen  Area, 
North  Dakota 

1000 

(4  plants) 

.Northern  Natural  Gas  Co., 
Cities  Service  Gas  Co. 

Powder  River  Basin 
Montana 

1000 

(4  plants) 

1979-80 

Texas  Gas  Transmission  Corp. 
(Consolidation  Coal  Co.) 

Western  Kentucky 

80 

Colorado  Interstate  Gas 
Corp.  (Westmoreland  Coal  Co.) 

Southeast  Montana 

25,000 

250 

The  Columbia  Gas  System,  Inc. 

Illinois 

300 

Consolidated  Natural  Gas  Co. 

Southwest 

Pennsylvania 

Pennsylvania  Gas  and  Water  Co. 

Pennsylvania 

HYGAS  or  similar 

5,000 

80 

Southern  Natural  Gas  Co. 

Illinois 

250 

Texas  Eastern  Transmission 
Corp.  (Peabody  Coal  Co.) 

Southern  Illinois 

250 

Panhandle  Eastern  Pipe 
Line  Co,  (Peabody  Coal  Co.) 

Southern  Illinois 

Lurgi  gasification 
with  methanation 

Cameron  Engineers  and  Ha 
Marathon  Oil  Co. 

Colorado 

25,000  plus  250 

sewage  sludge 

1981 

Northern  Illinois  Gas  Co. 
and  the  State  of  Illinois 

Illinois 

COED  plus  char 
gasification 

10,000 

80 

(plus  10,000 
bbl/day  syncrude)  1980 

Union  Carbide  Corp.  and 
General  Tire  S Rubber  Co. 

Union  Carbide 

2,600 

22  . 

(plus  3,900 
bbl/day  syncrude)! 979 

Commonwealth  Edison  Co. 
and  Electric  Power  Research 
Institute 

Pekin,  Illinois 

Lurgi  gasification 

1,400 

192 

(low-BTU  gas)  1976 

0?  POOR 
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Costs  of  the  Lurgi  process  had  been  projected  to  run  between  ^.90  to 
$lo25  per  million  BTU  for  low  BTU  gas  and  between  $1.00  and  $1.50  per 
million  BTU  for  high  BTU  gas.  tore  recent  cost  estimates  for  high  BTU  gas 
run  between  $2.50  to  $3.50  per  million  BTU. 


Oil  Shale 


Oil  shale  constitutes  one  of  the  most  abundant  fossil  energy  resources 
in  the  United  States.  The  basic  organic  constituent  of  shale  is  kerogen 
which  when  heated  to  900°F  breaks  down  to  form  60^^  oil,  high  ir  nitrogen 
and  sulphur,  about  9%  fuel  gas  and  perhaps  25^  coke-like  solid.  Recovery 
rates  are  on  the  order  of  15-20  gallons  per  ton.  [Stoker-75] 

Although  oil  shale  occurs  in  some  30  states,  only  the  Green  River 
Formation,  located  in  Colorado,  Wyoming,  and  Utah  are 
expected  to  be  commercially  developable  at  this  time.  The  potential 
here  is  about  600  billion  barrels,  enough  to  supply  the  U.  S.  oil  needs 
for  the  next  100  years  at  1975  levels.  Recovery  is  possible  through  mining 
by  either  surface  or  underground  methods  and  by  in  situ  processes. 

The  Bureau  of  Mines,  Oil  Shale  Corporation  and  Union  Oil  Company  of 
California  have  developed  surface  methods  of  retorting  shale  oil.  All 
processes  to  be  cost  effective  will  require  maximum  heat  recovery.  It  ’ 
will  also  be  necessary  to  keep  water  use  to  a minimum  since  oil  shale  is 
located  in  water  poor  areas.  Investigations  are  now  underway  by  Occidental 
Oil  Shale  Inc.  to  determine  the  feasibility  of  in  situ  recovery.  Occidental 
has  been  optimistic.  The  company  has  testified  before  Congress  that 
if  permit  problems  are  resolved,  and  progress  proceeds  at  a reasonable  pace, 
the  method  could  yield  30,000  bbl/day  by  1976  or  1977  and  1 million  bbl/day 
by  1980.  The  process  involves  conventional  mining,  drilling  and  rubblizing 
by  explosives.  Retorting  is  accomplished  by  underground  burners.  Two 
problems  will  have  to  be  overcome  to  insure  success  of  in  situ  methods: 

(1)  permeability  impediments  inhibiting  the  passage  of  oil  and  gas  will  have 
to  be  resolved;  (2)  better  control  of  the  process  than  that  achieved  by  the 
Bureau  of  Mines  will  be  necessary. 

Various  estimates  now  exist  for  the  cost  of  oil  derived  from  shale. 

It  appears  however  that  a minimum  requirement  for  economic  feasibility  is 
a market  price  of  $7.00/bbl  of  oil.  [PI-74]  At  prices  below  this  number, 
shale  oil  will  not  be  able  to  compete. 


Solid  Wastes  Conyers ion 


Three  methods  for  converting  solid  wastes  to  a more  suitable  energy  form 
are  currently  being  investigated:  pyrolysis,  digestion,  and  methane 

recovery  from  landfills.  All  methods  have  the  advantage  of  reducing 
waste  disposal  problems  and  provide  an  opportunity  for  the  recycling  of 
glass  and  metal.  Pyrolysis  and  digestion  abrograte  many  land  use 
problems  associated  with  waste  disposal  and  show  a marked  reduction  in 
air  and  water  pollution  when  compared  to  open  burning. 
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Pyrolytic  conversion  basically  involves  the  destructive  distillation 
of  predominantly  solid  organic  waste.  Oil,  synthetic  natural  gas,  carbon 
monoxide  and  char  are  possible  products.  An  average  pound  of  raw  waste 
(before  removal  of  glass  and  metal)  has  a heat  value  of  5000  BTU. 

Pyrolytic  conversions  are  capable  of  recovering  60%  to  70%  of  this  value. 

Three  pyrolysis  processes  are  ready  for  commercialization  at  present; 

The  Garrett  Process  (Occidental  Petroleum),  The  Monsanto  Langard  Process, 
and  The  Union  Carbide  PUROX  Process.  Garrett's  recovery  method  produces 
a fuel  oil  and  provides  for  metal  and  glass  recovery.  The  Langard 
process  can  produce  either  steam  or  fuel  gas  but  does  not  have  provisions 
for  aluminum  separation.  The  PUROX  process  utilizes  concentrated  oxygen 
gas  to  convert  solid  waste  to  a clean  fuel  gas  averaging  about  300  BTU/scf; 
no  resource  recovery  is  anticipated  at  this  time. 

Technological  difficulties  generally  associated  with  pyrolytic 
conversion  are  no  longer  serious.  The  primary  areas  of  concern  (depending 
upon  the  process  involved)  are  the  presence  of  chlorine  (from  plastics) 
which  gives  rise  to  corrosion,  preparation  of  waste  (including  separation 
of  glass  and  metals)  for  processing,  and  providing  a steady  supply  of 
waste  to  the  conversion  system. 

Preliminary  cost  evaluations  of  each  process  have  been  made.  [SRI-74] 
Indications  are  that  PUROX  mav  be  cost  effective.  Including  all  aspects,  siting, 
construction  (amortized  over  a 20  year  period  @ 6%),  collections,  and  dis- 
posal, a PUROX  based  system  should  realize  a return  of  about  12^  per  ton  of 
waste  processed.  This,  of  course,  will  vary  depending  upon  the  size  of 
actual  operation  and  the  market  price  of  natural  gas. 

Under  anerobic  conditions  it  is  possible  to  generate  from  organic 
materials  high  quality  methane.  Digestion  has  the  advantage  of  being 
compatible  with  both  solid  and  liquid  (sewage)  sources.  The  process  is 
natural  but  unfortunately  occurs  at  a slow  rate.  Productivity  can  be 
increased  by  temperature  control.  The  rate  of  bacteriologic  degradation 
decreases  over  time  so  that  complete  digestion  is  uneconomical.  Some 
means  of  enrichment  or  biologic  control  to  improve  production  seems 
indicated. 

ERDA  has  recently  awarded  a contract  to  the  Waste  Management  Corpora- 
tion to  construct  a demonstration  plant  in  Pompano  Beach,  Florida.  Waste 
Management  anticipates  a processing  time  of  five  days.  It  is  expected 
that  about  30%  recovery  will  be  possible  in  that  short  period  (i.e., 
approximately  1500  BTU  of  NH4/lb.  waste  materials).  The  effluent  sludge 
has  potential  for  agricultural  application.  Cost  factors  are  not  yet  clear. 

A capital  investment  of  $2  - S2.4  million  will  provide  a 100  to  200  ton 
capacity  plant  (roughly  100  x 10^  BTU/day). 
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Proposals  have  been  made  to  recover  methane  produced  by  bacteriologic 
action  from  existing  landfills  by  drilling.  A more  recent  suggestion  has 
been  made  to  design  future  landfill  operations  so  that  this  source  of 
energy  may  be  exploited  more  readily.  Only  a modicum  of  success  has  been 
met  to  date,  but  potential  prospects  are  being  investigated.  A study  con- 
ducted in  the  San  Francisco  Bay  area  indicates  the  possibility  of  recovery 
of  20.9  MM  scf/day  of  500  BTU/scf  gas  (=^1  ,750  EBOPD)  from  existing  land- 
fill sites.  [VanZee-74] 


D.3.2  ELECTRIC  POWER 
D.3.2.1  TYPES  OF  FUEL 


Nuclear  Fuel 


The  fuels  used  in  electric  power  generation  in  nuclear  systems  being 
developed  Included  fission  as  well  as  fusion  materials. 

The  advance  -fission  reactor  concepts  under  development  at  the  present 
in  the  United  States  all  fall  within  the  breeder  or  converter  category. 

For  the  fast  fission  breeder  reactor  the  fuel  cycle  is  based  on  plutonium 
and  natural  or  depleted  uranium.  The  thermal  breeder  reactor  uses  thorium 
as  the  fertile  material  and  uranium-233  of  the  fissile -fuel . Oxides  of 
these  fuels  are  usually  fabricated  as  sintered  pellets  or  contained  in 
ceramic  materials. 

In  the  fusion  reactor  the  basic  processes  for  producing  a controlled 
thermonuclear  reaction  are  the  deuterium-tritium  and  deuterium-deuterium 
reactions.  Deuterium, the  basic  fuel,  is  universally  obtainable  from  water, 
is  virtually  unexhaustible,  and  is  obtained  at  a negligible  cost. 


Geothermal 


The  origin  of  geothermal  heat  is  primarily  primeval;  to  a lesser  extent 
it  results  from  radioactive  decay  and  frictional  forces  within  the  earth's 
mantle.  Normal  heat  transfer  to  the  surface  is  by  conduction;  although,  per- 
haps 1%  of  the  total  arrives  by  convection  through  volcanoes  and  hot  water 
springs.  High  quality  geothermal  heat  is  confined  to  the  Western  third  of 
the  continental  United  States,  Alaska,  and  Hawaii.  Geothermal  heat 
is  found  in  four  forms;  hot  rock,  steam,  hot  water,  and  magma.  Hot 
rock  and  magma  formations  offer  the  greatest  energy  potential  but  are  simulta- 
neously the  least  understood  in  terms  of  potential  conversion. 
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Solar  Energy  and  Derivatives 

The  potential  for  recovery  of  energy  from  direct  Insolation  is  enormous; 
sunlight  supplies  the  U.  S.  with  about  5.0  x 10^^  BTU  annually.  Hence,  with 
100%  recovery  efficiency,  the  present  United  States  energy  needs  could  be  sup- 
plied from  only  1%  of  its  land  area.  Proposals  have  been  made  to  derive  energy 
from  direct  insolation  and  by  indirect  techniques  such  as  wind,  photo-synthe- 
sis, ocean  thermal  gradients,  ocean  currents,  and  waves. 

Wind  technology  represents  one  of  the  oldest,  best  understood  conversion 
methods.  Surface  winds  are  produced  predominantly  by  uneven  heating  of  the 
earth  and  occur  in  most  areas  on  a highly  predictable  basis.  Areas  of  ex- 
tremely high  wind  utilization  potential  are  the  Aleutian  Chain ^ areas  off  the 
coast  of  New  England  and  south  to  Charleston,  the  Texas  Gulf  coast,  and  large 
parts  of  the  Great  Plains. 

Throughout  most  areas  of  the  world's  oceans  a distinguishable  temperature 
difference  (thermal  gradient)  exists  above  and  below  a roughly  defined,  oscil- 
ating  layer  of  water  called  the  thermocline.  At  the  surface,  water  warmed  by 
the  sun  flows  towards  the  polar  regions  of  the  earth.  Cooler  water  flows  in 
an  opposite  direction  at  the  lower  level.  Within  tropical  latitudes  ocean 
thermal  gradients  remain  relatively  constant  at  about  35°  F,  D'Arsonnal,  as 
early  as  1881  suggested  utilizing  the  thermocline  differences  for  energy  ex- 
traction. Unlike  direct  solar  and  wind  systems,  the  ocean  contains  a perpet- 
ual reserve;  hence  outages  due  to  availability  at  the  source  do  not  constit- 
ute a difficulty. 

Solar  insolation  also  provides  the  energy  necessary  to  produce  ocean 
waves  and  marine  currents.  Both  have  been  recommended  as  a source  of 
electHcnl  conversion.  Wave  svstems  located  off  shore  would  utilize  buoyant 
devices  to  drive  generators  through  hydraulic  or  mechanical  linkages.  Ocean 
current  systems  would  employ  large,  submerged  turbines  to  drive  generators. 

To  date  no  sound  empirrlcal  data  has  been  provided  for  these  concepts  and  it 
is  doubtful  that  either  could  be  utilized  within  the  near  term. 


Wastes,  Source 

The  total  amount  of  waste  generated  from  urban,  agricul tural , and  forest 
sources  is  estimated  to  be  945  million  tons  with  an  energy  content  of  roughly 
2.18  X 10 BTU  [NAS-74].  Expectations  of  recovery  capabilities  range  from 
20%  to  50%  depending  upon  the  effort  devoted  to  collection.  Urban  waste  coll- 
ection methods  have  already  been  established*,  so  for  exploitation  of  this 
source  only  organizational  cooperation  is  required.  Over  50%  of  the  Nation's 
waste  resources  derive  from  agriculture;  20%  of  the  total  comes  directly  from 
animal  waste.  There  is  not  only  a need  but  with  the  potential  for  energy  re- 
covery, an  incentive  to  utilize  feed  lot  wastes  for  its  energy  content.  Dir- 
ect burning  is  the  most  efficient  way  to  recover  the  potential  5000  BTU  (avg) 
/lb  in  solid  wastes. 


D. 3.2.2  TYPES  OF  CONVERSION 
Oi 1 and  Coal  Fired 


The  cost  of  fuel  has  historically  represented  a major  cost  of  electrical 
utilities  so  that  there  has  been  a continual  push  toward  ever  improved 
efficiencies.  The  average  efficiency  of  fossil  fuel  plants  has  risen  from 
around  13%  in  1925  to  about  33%  in  1970.  A distinct  pause  occurred  in^ 
the  generation  efficiency  in  the  1960's.  Fisher  attributes  much  of  this 
to  unforeseen  construction  delays  leading  to  overutilization  of  low 
efficiency  peaking  units.  [Fisher-74,  96]  In  any  case,  units  having 
efficiencies  of  around  37%  are  commonplace  within  industry  today. 

Large  modern  power  plants  utilizing  fossil  fuels  use  gas  turbines, 
steam  turbines  or  combined  cycle  units,  ranked  in  order  of  increasing 
efficiency.  Typical  heat  rates  are  10,500  BTU/kw-hr,  9200  BTU/kw  hr, 
and  7500  BTU/kw  hr  respectively.  [Power-S.^. 

Orders  'for  1974  are  reported  to  have  decreased  sianificantlv  from  orevious 
years  for  gas  turbines.  Factors  leadino  to  this  decrease  include:  (1)  Potential 

unavailability  of  natural  gas  or  liquid  petroleum  fuels,  (2)  Anticipated 
high  costs  of  petroleum  fuels  and  (3)  A reduction  in  rate  of  load  growth 
experienced  by  some  utilities  [Power'  - 74  14],  In  terms  of  energy 
conservation  this  trend  is  generally  beneficial,  not  only  are  gas  turbines 
less  efficient  than  fossil  steam  plants,  but  also  tend  to  require  the 
more  scarce  fuels. 

The  same  factors  which  have  led  to  a reduction  in  gas  turbine 
installations  have  also  plagued  the  sales  of  combined  cycle  plants. 

After  selling  a number  of  these  units  in  1971-1972,  the  industry  has  seen 
a marked  slump  in  sales  with  only  one  unit  sold  in  1974  [Power  - 74,8]. 

This  is. particularly  detrimental  in  a developing  industry  where  signifi- 
cant operating  experience  is  important  to  establish  the  new  technology. 

Pioreover,  technological  developments  are  anticipated  at  a relatively 
rapid  rate  in  such  industries  and  orderly  development  is  impeded  by 
such  events.  While  the  combined  cycle  units  do  utilize  the  more  scarce 
liquid  and  gaseous  fossil  fuels,  they  offer  a significant  long  term  advantage 
in  increased  thermal  efficiency.  The  Office  of  Coal  Research  has  recently 
funded  a $9  million  contract  to  build  and  operate  a combined  cycle 
plant  in  conjunction  with  a low  BTU  coal  gasification  project.  This 
approach  promises  a number  of  advantages  over  existing  units  [EW  - April 
75,37].  Not  only  would  it  be  capable  of  utilizing  the  more  abundant 
coal,  but  the  high  thermal  efficiency  would  reduce  demands  on  mining  and 
rail  transport  expansion.  Decreased  thermal  pollution  would  be 
additional  important  benefit. 

The  fossil  fueled  steam  turbine  plant  forms  the  backbone  of  the 
electrical  industry  today.  The  units  have  a long  history  of  development 
and  have  today  achieved  a proven  record  of  high  efficiency,  high 
reliability  operation.  Much  of  the  historical  improvement  has  come  • 
about  through  increases  in  the  steam  temperature  and  pressure.  The 
first  turbine  using  superheated  steam  operated  at  a temperature  of  513°F 
and  a pressure  of  200  psi.  Current  advanced  units  are  designed  to 
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temperatures  of  1050°F  and  pressures  of  3500  psi. 

The  gradual  transition  from  the  lower  efficiency  2400  psi  unit  to  the 
higher  efficiency  3500  psi  unit  is  seen  in  Figure  D.3.2-1.  This  transition, 
as  noted  by  the  dip  in  3500  psi  units  around  1970,  appears  irregular  at 
times.  This  is  attributed  to  a temporary  disenchantment  vyhen  it  was 
discovered  that  the  supercritical  units  were  plagued  with  reliability 
problems.  As  noted  in  Figure  D.3.2-2,  the  forced  outage  rate  for  the  super- 
critical pressure  units  is  significantly  above  the  average  for  all  power 
plants.  This  causes  a significant  fixed  costs  penalty  for  such  units; 
not  only  are  they  more  expensive  to  build  but  a more  extensive  back-up 
system  is  required  to  accommodate  unexpected  outages.  Similar  problems 
are  encountered  with  high  temperature  units.  Forced  outages,  for  the 
1100®F  units  are  seen  in  Figure  D.3.2-3to  be  well  above  the  lower  temperatufe 
units. 


In  view  of  the  tendency  toward  high  efficiency  units  prior  to  the 
OPEC  price  action  it  might  be  anticipated  that  increased  fuel  costs 
would  provide  a substantial  'impetus  in  this  direction.  Surprisingly 
no  such  trend  has  been  observed.  Major  manufacturers  report' a tendency 
toward  larger  sized  units  to  achieve  an  economy  of  scale  but  no  detect- 
able trend  tov/ard  higher  efficiency  cycles  [Heyburn  - 75J.  If  any- 
thing, the  largest  manufacturer  of  fossil  fifed  plants  reports  a decrease 
in  supercritical  unit  sales  [Tully  - 75].  Market  uncertainty  and  current 
economic  conditions  have  upset  much  of  the  utility  planning  so  that  an 
additional  time  lag  will  be  required  to  determine  long  range  trends. 


Nuclear 


The  Energy  Research  and  Development  Administration  (ERDA)  is 
developing  several  types  of  breeder  reactors:  1)  the  molten  salt 

breeder,  2)  the  light-water  breeder,  3)  the  gas  cooled  fast  breeder, 
and  4}  the  Liquid  Metal  Fast  Breeder  Reactor  (LMFBR).  However,  the 
LMFBR  program  has  the  highest  priority  development  effort.  The  LMFBR 
was  chosen  over  the  other  breeder  concepts  because  1)  its  potential 
favorable  performance,  2)  interest  and  support  by  reactor  manufacturers 
and  electric  utilities,  3)  the  amount  of  base  technology  and  operating 
experience  already  available,  and  4}  proven  basic  feasibility.  [JCAc-75] 

The  breeder  reactor  concept  is  based  on  the  principle  that  it 
produces  more  fuel  than  it  consumes.  Since  the  reactor  is  fueled  with 
plutonium  and  natural  or  depleted  uranium,  no  enrichment  is  required, 
and  results  in  significant  savings  in  direct  enrichment  costs  and  the 
capital  costs  of  building  enrichment  plants.  LMFBR's  are  insensitive 
to  the  cost  of  uranium  fuel;  thus,  they  stabilize  the  cost  of  power 
generation. 
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Alluding  to  problems  in  the  areas  of  reactor  safety,  safeguards, 
health  effects,  and  waste  management,  ERDA  officials  are  reassessing 
the  desirability  of  placing  the  breeder  in  wide  commercial  use.  [NI-75] 
Although  the  recommended  funding  level  for  the  LMFBR  program  has  been 
scaled  down.  Research  and  Development  will  continue,  in  particular, 
with  the  Clinch  River  Breeder  Reactor  demonstration  plant.  Thus,  the 
time  frame  for  the  commercial  breeder  reactor  is  in  the  next  century. 

Recent  developments  in  fusion  power  research  have  led  to  the 
reassessment  of  the  entire  program.  NRC  feels  that  if  adequate  funding 
is  provided  the  fusion  program  is  in  a position  to  proceed  with  large 
D-T  fueled  Physics  Test  Reactors  at  an  earlier  time  than  previously 
projected.  A future  fusion  power  demonstration  plant  is  expected 
during  1995.  [Dean-74] 


Fuel  Cell 


Fuel  cells  are  electrochemical  devices  which  directly  convert  hydrogen 
or  hydrocarbon  fuels  into  direct  current  electricity.  Some  hydrocarbon 
systems  employ  reformer  processes  at  an  intermediate  state.  For  alternating 
current  applications  an  inverter  would  be  necessary.  A variety  of  catalysts 
are  possible  to  effect  conversion,  but  platinum  appears  to  be  the  best 
al ternative. 

At  present  only  one  company.  United  Technology,  is  actively  engaged  in 
the  development  of  the  fuel  cell.  Expectations  of  26  MW  commercial  units 
by  1979  are  indicated  if  sufficient  development  funds  are  available.  Most 
of  the  technological  difficulties  seem  capable  of  resolution.  What  impedi- 
ments exist  do  so  because  of  utility  companies'  demand  for  a reliable  unit; 
hence  reliability,  not  feasibility  is  the  immediate  concern.  The  advantages 
which  fuel  cells  offer  are  impressive: 

Very  low  pollution  potential 

Quiet  operation 

Can  be  located  at  or  near  the  point  vi^here  current  is  utilized 

Operate  with  high  efficiency  at  reduced  load  levels 

Have  excellent  prospects  for  load  leveling 

Vitiate  the  need  for  standby  spinning  reserves 
(because  of  instantaneous  load  factor  response) 

Facilitate  transmission  and  reduce  losses 

Require  minimal  maintenance. 
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In  spite  of  these  advantages,  fuel  cells  operate  at  only  slightly  great- 
er efficiency  (about  40%)  than  conventional  oil  fired  units;  they -do,  however, 
offer  excellent  opportunity  for  heat  recovery  froro  cooling  fluid.  Cost 
figures  are  relatively  clear  but  not  yet  certain.  Expectations  are  that  they 
they  will  be  in  the  vicinity  of  $220  to  $240  per  KWh  capacity.  [Podolny-75] 
Unfortunately,  capitalization  difficulties  now  being  encountered  by  utility 
companies  prohibit  further  extensive  participation  in  the  development  of 
fuel  cells.  Emphasi's  on  non-petroleum  sources  has  tempered  government  interest 
in  the  program. 


Geothermal  Process 


Although  steam  fields  are  generally  considered  to  be  of  two  types,  wet 
and  dry,  what  is  frequently  encountered'  falls  somewhere  between  these  two  ex- 
tremes. Basically,  dry  steam  sources,  while  occuring  less  frequently  (by  a 
factor  of  1/20)  than  wet  steam,  have  the  advantage  of  being  cleaner  insofar 
as  they  neither  contain  great  amounts  of  corrosive,  dissolved  salts  nor  in- 
volve the  disposal  problem  of  waste  water  laden  with  mineral  contaminants. 

Dry  steam  sources  are  usually  lower  pressure,  higher  temperature  than  the  wet 
variety.  Systems  employing  either  of  these  sources  would  have  generally  the 
same  design;  that  is,  they  would  be  coupled  through  a desalter  and/or  steam 
separator  to  a turbogenerator.  Because  of  the  greater  concentration  of  dis- 
solved salts  (~25%  by  wgt.)  in  wetter  steam,  separation  and  desalination 
would  require  greater  expenditures.  Some  recommendations  for  the  employment 
of  heat  exchanges  have  been  suggested,  but  further  investigation,  with  regard 
to  both  materials  and  mineral  scaling,  are  indicated.  Lawrence  Livermore 
Laboratories  is  now  working  on  its  total  flow  method  which  would  utilize  both 
the  steam  and  the  liquid  brine.  A 60%  overall  increase  in  efficiency  is 
their  goal.  Efficiencies  of  12%  from  steam  alone  to  18%  using  total  flow 
seem  likely*  

Hot  rock  sources  would  require  the  introduction  of  surface  water  through 
auxiliary  wells.  Fracturing  of  the  rock  by  explosives  or  hydraulic  pressure 
are  a necessary  prerequisite  to  increase  the  exposed  area  of  rock.  Very  like- 
ly hot  rock  systems  will  encounter  the  same  technological  and  material  prob- 
lems as  steam  systems.  A relatively  clean  supply  of  water  must  be  assured, 
or  an  adequate  v/ater  recovery  system  must  be  included  in  the  design.  Since 
hot  rock  fields  require  drilling  to  great  depths  (as  much  as  50,000  ft.), 
some  improvements  in  drilling  technology  will  be  required  and  fluid  friction- 
al losses  due  to  these  great  depths  may  prove  problematic. 

Known  costs  for  dry  steam  are  now  in  the  vicinity  of  $5D0  KWe  capacity. 
Hydrothermal  processes  are  expected  to  be  more,  but  estimates  run  from  as 
low  as  $600/KWe  to  a high  of  $1400/KWe. 
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Solar,  Direct  Conversion 


Although  excellent  for  lov;  temperature  (e.g.  heating)  applications, 
the  energy  in  direct  sunlight  does  not  seem  to  offer  immediate  prospects 
for  the  economical  production  of  electricity.  Photovoltaic  conversion 
appears  to  be  v;ell  in  the  future.  Costs,  due  to  material  requirements, 
manufacturing  techniques,  and  low  conversion  efficiencies  are  primary 
factors.  More  highly  efficient  solar  thermal  schemes  utilizing  focusing 
or  reflecting  concentrators  in  conjunction  with  an  absorber  transferring 
collected  energy  through  a working  fluid  to  a turbine  have  been  suggested 
but  are  only  at  the  conceptual  design  stage.  Outstanding  problems  remain 
to  be  solved.  Materials  capable  of  withstanding  extreme,  rapid  tempera- 
ture changes  resulting  from  insolation  variations  will  have  to  be  found 
for  the  absorbers.  Highly  efficient,  stable  selective  surfaces  remain 
a difficulty.  Other  factors  to  be  decided  are  the  types  of  working 
fluid,  and  whether  storage  is  to  be  provided  to  supply  current  during 
solar  outages. 

Cost  figures  at  the  moment  are  largely  unavailable.  With  present 
batch  processes,  photovoltaic  would  require  approximately  $20,000  - $30,000 
KWe  (peak).  Capital  investment  estimates  for  solar  central  generation  of 
3 to  5 times  higher  than  conventional  fossil  fuel  plants  are  the  most 
recent  [Spencer-75]  but  realistic  figures  will  have  to  await  operational 
programs.  The  U.  S.  Government  Intends  to  build  a 10  MW  central  receiver 
pilot  plant  by  1980  which  should  provide  cost  as  well  as  technical  informa- 
tion. 


Solar,  Wind 


Conversion  is  straightforward.  Wind  driven  propellers  are  connected 
to  a dynamo  either  mechanically  or  through  a hydraulic  system.  Both 
horizontal  and  vertical  type  systems  are  being  studied.  Technological 
considerations  for  the^  most  part  are  concerned  with  determining  system 
efficiency.  Construction  costs  and  material  seem  to  indicate  the^  supe- 
riority of  the  two  blade  vertical  design. 

Feasibility  studies  are  presently  in  the  early  stages.  G.E.  Reports 
a bus-bar  cost  of  -1  1/2^/KWh.  [Johnson-75J  Construction  costs  have  been 
estimated  in  the  neighborhood  of  $250  - $1000/ KWe  capacity,  reflecting 
dependency  upon' wind  velocity  and  consistency. 


Solar.  Thermal  Gradients 

Present  theoretical  design  parameters  for  extracting  energy  from 
thermal  gradients  envisage  a vertical  generating  plant  utilizing  an 
absorber  which  extracts  heat  energy  from  above  the  thermocline.  This 
is  transferred  to  a working  fluid  (possibly  ammonia),  passed  through 
a turbine  generator  and  rejected  by  a condensor  below  the  thermocline. 
At  this  point  the  working  fluid  is  liquefied  and  returned  by  a pump  to 
the  absorber. 
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A number  of  questions  remain  to  be  answered.  Although  some  investi- 
gations and  feasibility  studies  are  available  which  optimistically  anti- 
cipate a life  expectancy  of  100  years  [Lockheed  - 75],  both  technological  and 
materials  problems  are  likely  to  arise.  Lockheed  claims  that  it  could 
have  a full  scale  demonstration  plant,  over  1500  ft.  in  length,  producing 
160  MW  in  operation  by  1981  providing  bus-bar  electricity  at  a cost  of 
21.5  to  23  mil  Is/ kwh.  (All  cost  and  time  factors  considered).  The  com- 

pany has  not  provided  information  on  transmission  difficulties. 

The  most  recent  study  undertaken  by  Lockheed  has  estimated  investment 
costs  to  be  in  the  vicinity  of  $1,350  - $2,594  per  KW  depending  upon  the 
types  of  materials  used.  It  should  be  emphasized  that  no  empirical  basis 
exists  for  this  statement. 


Electricity  from  Waste 

A variety  of  proposals  for  direct  combustion  of  municipal  solid  wastes 
to  generate  electricity  are  now  under  study.  The  city  of  St.  Louis  in 
conjunction  with  the  Union  Electric  Co.  has  had  an  operational  system  since 
1972.  Most  proposals  involve  some  separation  process  (ferrous  metals,  non- 
ferrous  metals,  glass,  etc.)  prior  to  feeding  combustible  solids  to  a boiler 
furnace.  Some  of  the  major  problems  being  encountered  in  proposed  and 
existing  systems  are  related  to  costs  of  separation,  corrosion  of  boilers 
(largely  due  to  PVC  gasses),  and  high  particulate  emissions.  Other  plans 
which  call  for  pyrolytic  conversion  of  waste  materials  (see  Section  D.3.1) 
offer  unique  advantages. 


D.3.2.3  ELECTRICITY  TRANSMISSION  AND  DISTRIBUTION  [EPRI-75],  [WE-64],  [ERC-71] 
Introduction: 


The  required  capital  expenditures  per  year  between  1974  and  1990 
for  T&D  expansion  will  more  than  double  if  the  utility  industry  keeps 
pace  with  the  demand  for  electric  power.  Historically,  the  industry 
has  been  able  to  double  in  size  every  decade  without  difficulty.  This 
has  been  accomplished  mainly  by  utilizing  components  with  larger  capacities 
and  higher  voltage  levels.' 

Goals  in  transmission  and  distribution  lie  in  the. following  classes; 

Bulk  power  transmission 
Tools  and  techniques 
Aesthetics  and  compactness 
System  security  and  control 
Test  facilities 


Transport  of  electric  energy  must  be  accomplishecl  : (i)  reliably, 
(ii)  at  a reasonable  cost,  (tii)  and  with  minimum  environmental  impact. 

In  transmission  the  trend  has  been  a shift  from  69  thru  138  KV  lines 
to  242  thru  765  KV  (EHV)  and  for  the  future  to  1200  KV  lines  (UHV).  DC 
transmission  has  become  attractive  and  will  become  a major  factor  after 
1985,  Underground  installations  have  been  increasing  and  should  continue 
as  changing  technologies  become  available. 

Distribution  trends  have  been  from  5 KV  classes  of  circuit  to  15  KV 
and  for  the  future  will  increase  to  16  KV  classes.  Public  pressure  and 
legislation  have  also  increased  the  percentage  of  new  construction 
installed  underground  up  to  60%  or  more. 

Figure  D.3.2-4  shows  the  transmission  facilities  of  the  U.  S.  after 
being  grouped. 


AC  Overhead  Transmiss ion 


Our  most  reliable  and  economical  means  of  transferring  large  blocks 
or  power  within  a power  system,  between  power  systems,  and  between  geo- 
graphical areas  continues  to  be. AC  overhead  transmission.  With  increasing 
reliability,  it  has  become  possible  to  transmit  larger  blocks  of  power 
without  a corresponding  increase  in  space  requirements  or  in  cost.  It  is 
apparent  that  there  is  a need  not  only- for  higher  voltage  levels,  improved 
appearance,  and  better  utilization  of  land,  but  also  for  the  solution  of 
problems  at  present  voltage  levels,  such  as  corona,  noise,  conductor  move- 
ment (galloping,  vibration)  and  insulation.  Reliable,  safe  and  low  cost' 

AC  overhead  transmission  is  expected  to  expand  in  such  a way  to  insure  publi 
acceptance,  with  minimal  impact  on  the  environment,  and  without  a proportion 
ate  increase  in  the  right-of-way  requirements. 


AC  Underground  Transmission 


Underground  R & D efforts  lie  in- the  following  areas: 

Development  of  Cable  Test  Facilities  (special  interest  in 
simulating  the  aging  effects); 

Compressed  Gas  (usually  sulfur  hexaflourlde)  insulated 
cables: 

Cable  consisting  of  a conductor  held  concentrically  by 
insulators  in  a gas-filled  pip.e,  attractive  for  their 
simpl icity  and  low  capital  investment  required  for 
manufacturing.  Their  losses  are  considerably  less  than 
any  other  presently  available  underground  transmission 
systems; 


FISURE  D.3.2-4.  HIGHEST  EHV  TRANSMISSION  VOLTAGES  IN  USE  OR  AUTHORIZED 
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Producing  lower  cost  cable  joints  and  new  methods  for 
fabricating  and  repairing  joints; 

Finding  improved  dielectric  materials  to  be  used  with  or 
in  place  of  cellulose  tape  in  Taped-Cable; 

Solid  High  Voltage  Dielectric  cables  produced  by  extruding 
the  insulation; 

Forced  Cooling  Cables:  power  rating  can  probably  be  doubled 

at  a competitive  cost  with  a cable  designed  for  higher  rating 
without  cooling.  Refrigeration  stations  are  required  at 
intervals  along  the  line  to  cool  the  oil. 

Cryogenic  and  Superconducting  transmission  materials  operated 
at  temperature  below  22° K offer  negligible  resistance  to  the 
passage  of  electric  current.  Cryogenic  and  superconducting 
cables  are  being  developed  with  rated  capacities  on  the 
order  of  1000  to  10,000  MVA.  This  appears  to  be  the  sound 
long  term  solution  of  transmitting  electric  power,  both 
from  an  economic  and’  environmental  point  of  view.  The 
goal  is  to  solve  the  problem  of  carrying  higher  power 
density,  with  lower  losses,  over  greater  distances. 

Cooling  is  suggested  by  liquid  nitrogen,  hydrogen  and  helium.  There 
is  high  cost  involved  'in  refrigerating  the  lines  to  low  temperatures.  A 
parameter  that  is  usually  used  for  comoarative  studies  is  the  Refrigeration 
Ratio  defined  as  refrigeration  load/I^R  transmission  loss.  Hydrogen  may 
offer  a better  compromise  between  the  advantages  of  low  temperature  and  the 
costs  of  cooling. 


DC  Transmission 


The  capability  to  build  a point  to  point  DC  transmission  line  is 
available,  but  refinement  and  operating  experience  of  this  technology 
with  its  hardware  development  is  required.  Emphasis  is  on  provid- 
ing design  parameters  for  transmission  lines  with  capacities  up 
to  2000  MW.  Basic  work  is  required  to  evaluate  DC  lines  with  capacities 
equivalent  to  AC  voltages  up  to  1500  KV  to  evaluate  insulation  require- 
ments, effects  of  UHV  fields  as  well  as  such  factors  as  audible 
noise,  radio  and  telephone  interference  factors.  Improvements  are  also 
required  in  present  day  converter  equipment.  With  the  problem  of 
space  in  the  hearts  of  urban  areas,  research  is  needed  to  minaturize 
converter  terminals  (using  solid-state  technology). 

It  DC  lines  are  to  be  widely  applied  and  they  are  to  be  tapped, 
successful  DC  circuit  breakers  must  be  developed. 
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Distribution 


Distribution  must  go  underground  in  both  urban  and  suburban 
areas.  Reliable  and  economical  underground  equipment  (especially 
transformers  and  switching  devices)  is  needed.  Low  cost,  long  life, 
direct  buried,  transformers  and  capacitors  are  high  on  the  list  of 
needs.  Development  of  smaller  and  more  compact  high  capacity  substation 
equipment  will  improve  the  acceptability  of  substations  in  urban 
residential  areas.  The  development  of  remote  meter  reading,  data  logging* 
alarm  and  control  systems,, as  well  as  economical  communication  systems  ’ 
will  be  necessary,  Installation  of  underground  cables  requires 
improved  trenching  methods  as  well  as  techniques  for  tapping  energized 
primary  cables  safely.  This  will  fulfill  fast,  low  cost  installation 
and  maintenance  of  underground  cable  systems. 

D.3.3  ENERGY  STORAGE  SYSTEMS 


Electric  utility  experience  with  pumped  hydro  storage  has  demon- 
strated that  large-scale  storage  of  energy  can  result  in  significant 
operating  and  economic  advantages  for  electric  power  systems.  These 
advantages,  and  the  potential  for  conservation  of  scarce,  high  quality 
fossil  fuels,  have  generated  much  interest  in  a number  of  concepts  that 
appear  to  broaden  the  applicability  and  increase  the  usefulness  of- energy 
storage. 

The  basic  dilenma  for  most  electric  utilities  is  a marked  daily,  weekly 
and  seasonal  variation  in  demand  of  electric  power.  Thus,  a utility  must 
generate  power  economically,  over  a large  swing  of  the  electric  load;  at 
the  same  time,  its  generating  capacity  must  be  large  enough  to  satisfy  the 
maximum  demand  plus,  for  reliability,  the  requirement  of  a sizeable  system 
reserve. 

Base  load  plants  are  used  to  serve  the  part  of  the  system  load  that 
continues  for  24  hours  a day  throughout  most  of  the  year.  These  are 
designed  to  operate  with  the  highest  level  of  efficiency  and  reliability  on 
the  least  expensive  fuels.  Base  load  generation  is  now  served  primarily  by 
modern  fossil  steam  plants;  nuclear  steam  plants  will  serve  an  increasing 
fraction  of  the  base  load. 

The  intermediate  load  range,  which  comprises  the  broad  daily  demand 
peak  of  a typical  utility,  is  served  by  several  different  types  of 
generating  equipment.  This  equipment  comprises ’typically  a utility's 
older,  less  efficient  fossil  steam  plants  and  gas  turbines. 

The  peak  load  demand  which  may  range  from  a few  hours  to  perhaps  10 
hours  a day  is  usually  satisfied  by  a system's  oldest  and -least  efficient 
fossil  steam  plant  and  increasingly  by  gas  turbines. 
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Sharply  increased  fuel  prices  create  a heavy  penalty  for  older, 
inefficient  equipment,  and  natural  gas  as  well  as  high  quality  distillate 
fuels  are  becoming  less  available  and  more  costly.  Thus  incentives  are 
growing  rapidly  to  use  base  load  plants  to  also  provide  the  electric 
energy  now  generated  by  peaking  and  intermediate  equipment  --  an  approach 
that  requires  storage  of  off-peak  energy  generated  by  base  load  plants. 

The  use  of  energy  storage  in  "peak  shaving"  is  discussed  in  Chapter  10.2.3.1. 

Energy  storage  systems  must  however  meet  utility  type  standards  of 
requirements  for  operating  life,  reliability,  safety  and  environmental  com- 
patibility of  generating  equipment.  Moreover*,  the  total  annual  cost  of 
electric  energy  obtained  from  energy  storage  systems  must  be  equal  or  less 
than  the  cost  of  energy  from  non-storage  equipment  used  for  peaking. 

Energy  storage  can  take  any  of  the  following  forms:  thermal,  mechani- 

cal, pumped  hydraulic  and  compressed  air  storage  systems,  storage  of  liquid 
petroleum,  natural  gas  storage,  storage  of  synthetic  fuels,  chemical  and 
electromagnetic  storage.  In  Section  D.3.4  hydrogen  and  its  storage 
are  examined  as  an  e>y;ellent  example  of  chemical  energy  storage. 

Energy  can  be  stored  thermally  by  heating,  melting  or  evaporating 
materials.  Energy  storage  by  heating  materials  to  elevated  temperatures 
is  known  as  sensible  heat  storage.  Energy  may  be  stored  in  the  form  of 
latent  heat  by  heat  transfer  to  materials  during  a phase  change  for  solid 
to  liquid  or  from  liquid  to  gas.  A bed  of  crushed  stones  is  a low  cost 
storage  medium.  Water  is  an  excellent  example  for  sensible  heat  storage  be- 
low temperatures  of  2120F,  Materials  that  are  suitable  for  latent  heat  stor- 
age of  energy  are:  calcium  chloride  hexahydrate,  sodium  hydroxide,  lithium 

nitrate,  lithium  hydroxide  and  sodium  fluoride. 

Mechanical  energy  storage  can  be  achieved  by  a flyi-fheel . 

The  potter's  wheel  is  an  example  of  energy  storage  in  a flytiheel. 

Shape  factor  is  a term  usually  used  and  is  a function  of 
the  rotor  geometry  and  the  flywheel  material  deformation.  Shape  factor  is 
dimensionless  and  has  a range  from  0 to  1.  Available  energy  from  fly- 
wheel energy  storage  system  is  a function  of  the  operating  speed  ratio 
which  is  defined  to  be  the  ratio  of  the  highest  operating  speed  to  the 
lowest  operating  speed.  The  term  superflywheel  is  used  for  flywheels 
constructed  from  materials  such  as  Eglass,  carbon  fiber,  etc.  These 
materials  have  higher  maximum  tensile  strength  per  unit  mass  than  materials 
such  as  aluminum  and  steel.  Applications  of  energy  storing  superflywheels 
may  involve  land  transportation  systems  (golf  carts,  autos,  busses),  power 
supplies  ranging  from  emergency  power  supplies  for  hospitals  to  electric 
power  peaking  capability  for  utilities,  and  in  aircraft,  watercraft  and 
spacecraft. 
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Fluid  mechanical  storage  systems  include' storage  in  the  gravitational 
potential  of  a liquid  (pumped  hydro  storage),  or  in  the  compression  of  a 
gas  or  vapor  (air,  steam).  Pumped  hydroelectric  storage  is  presently  the 
only  type  of  energy  storage  in  use  in  utility  systems;  these  hydro  systems 
typically  achieve  energy  efficiencies  of  about  65%.  Compressed-air  energy 
storage  comprising  the  use  of  off-peak  generation  to  compress  air  for 
peak  period  use  in  turbine  generators  is  receiving  increased  attention. 
During  periods  of  peak  demand,  the  compressed  air  would  be  used  with  an 
appropriate  fuel  to  fire  a turbine.  High  temperature  steam  storage  for 
use  with  conventional  steam  turbine  generators  is  conceptually  similar  to 
compressed  air  storage.  Steam  storage  exhibits  a relatively  high  energy 
density  and  this  implies  that  storage  in  steel  tanks  may  be  economically 
competitive.  Underground  pumped  hydro  storage  is  another  fluid  mechanical 

energy  storage  concept.  The  operation  would  be  analogous  to  that  of 
conventional  pumped  hydro  storage  facilities.  The  lower  reservoir  would 
however  consist  of  a subterranean  cavern  while  the  upper  reservoir  could 
be  either  above  or  below  ground. 

Batteries  are  considered  a special  case  of  chemical  storage  where 
initial  conversion,  storage  and  reconversion  are  combined  in  a single 
device.  Greater  attention  is  now  being  focused  on  the  possible  use  of 
batteries  for  bulk  energy  storage  in  utility  systems  and  for  electric 
cars. 


Lead-acid  batteries  might  become  an  important  example  of  this 
approach  if  an  advanced  technology  capable  of  long  cycle  life  can  be 
developed  around  cell  designs  that  minimize  lead  requirements  and  can  be 
produced  inexpensively  in  volume.  Technically  and  economically  feasible 
lead-acid  batteries  for  utility  applications  could  conceivably  become 
commercially  available  in  about  4-5  years. 

Research  and  development  are  progressing  not  only  in  lead-acid 
batteries  but  also  in  zinc-chlorine,  sodium  sulfur,  lithium-iron  sulfide 
batteries.  An  assessment  of  the  potential  of  each  battery  type  for 
utility  energy  storage  is  required.  Emphasis  is  focused  also  on  completing 
a feasibility  study  of  a battery  storage  test  (BEST)  facility. 


D.3.4  HYDROGEN:  AN  ALTERNATIVE  FUEL 

Hydrogen  is  an  excellent  candidate  in  the  search  for  acceptable 
permanent  energy  sources  that  meet  most  of  the  obvious  requirements  for 
universal  application  in  the  energy  consumption  industries.  Since  it 
can  be  produced  from  water,  it  is  everywhere  available.  It  is  an 
exceptionally  clean  fuel.  When  i-t  burns  in  air,  with  very  high  energy 
release  per  unit  mass,  -the  only  major  reaction  product  formed  is  water. 
Hydrogen  is  an  easily  manageable  fuel  and  is  superior  to  natural  gas 
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and  oil  in  many  engine-combusti on-applications.  The  single  important 
drawback  is  concerned  with  storage  because  the  energy  content  per  unit 
volume  for  hydrogen  gas  is  very  low  and  because  the  handling  costs  for 
highly  compressed  gases  or  for  cryogenic  storage  facilities  may  turn 
out  to  be  very  high. 

The  extent  and  time  scale  on  which  hydrogen  will  ultimately  become 
a primary  fuel  is  largely  dependent  on  price  developments  for  its 
production,  distribution,  and  application,  in  relation  to  price  develop- 
ments for  competing  fuels  and  energy  sources.  A 1973  evaluation  of  prices 
is  given  below  in  Table  D.3.4-1  on  1970  data  (Federal  Power  Commission). 


Hydrogen  Production 

Production  of  hydrogen  as  stated  above  will  be  from  water  using 
energy  sources  such  as  the  sun  or  nuclear  reactors.  Nuclear  reactors 
may  be  used  to  generate  electricity,  which  may  be  then  employed  in  the 
electrolysis  of  water.  Alternatively,  nuclear  energy  may  be  used  to 
support  a sequence  of  reactions  at  temperatures  below  1000°K  which  is 
referred-  to  as  "thermochemical"  manufacture  of  hydrogen.  Figure  D.3.4-1 
illustrates  design  of  a nuclear-reactor  based  hydrogen  economy.  [Penner-75] 

Industrial  water  electrolyzers  range  In  output  from  500  ft^/d 
to  more  than  40  x 10°,  with  the  largest  unit  located  near  hydroelectric 
installations  where  hydrogen  is  produced  for  the  manufacture  of  synthetic 
nitrogen  fertilizers.  Commercial  cells  used  in  water  electrolysis  are 
either  unipolar  with  each  electrode  serving  as  either  an  anode  or  cathode 
or  bipolar  with  each  side  of  a flat  electrode  serving  as  either  an  anode 
or  a cathode.  On  the  other  hand,  commercial  procedure  for  the  thermo- 
chemical water  decomposition  are  not  yet  available;  therefore,  a definitive 
cost  assessment  for  hydrogen  production  by  application  of  these  techniques 
can  not  yet  be  made.  However,  it  is  possible  that  the  best  thermochemical 
cycle  will  yield  hydrogen  at  less  than  $2.00/10°  BTU. 


Hydrogen  Transmission  and  Distribution 

Hydrogen  will  be  produced  and  ultimately  used  as  a gas.  The 
manner  in  which  hydrogen  is  transmitted  from  the  producer  to  the  user 
will  be  one  of  the  more  important  factors  to  consider  in  the  overall 
economy  of  hydrogen  fuel  system.  The  most  economical  way  to  supply 
the  bulk  of  the' hydrogen  fuel  will  be  by  gas  pipeline.  Thus,  the 
hydrogen  will  be  distributed  in  the  same  form  as  It  is  produced  and 
eventually  used.  If  gaseous  hydrogen  is  converted  to  other  energy 
forms  for  transmission,  the  overall  efficiency  of  the  fuel  system 
will  be  reduced,  since  each  conversion  will  require  an  additional 
energy  input. 
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TABLE  D.3.4-1.  COST  DISTRIBUTION 
jFeciercil  Pov^(er  Corr)ri)iss,ionJ 


COST  COMPONENT 


Electricity- 


Natural  Gas. 


El ectrolytically 
produced  Kvorogen 


Production 
Transmission 
Distribution 
Total  cost 


2.67* 

0.61 

1.61 

■05" 


0.17 

0.20 

0.27 

TOT 


2.95  to  3.23* 
0.52 
0.34 

3.81  to  4709 


*The  value  $2.67/10^BTU  refers  to  an  electrical  energy  cost  of 
9.1  mills/KWH  and  this  same  estimate  is  used  in  arriving  at  a hydrogen  - 
production  cost  of  $3.23/1 O^bTU. 


FIGURE  D.3.4-1.  CONCEPTUAL  DESIGN  OF  A NUCLEAR-REACTOR-BASED  HYDROGEN  ECONOMY 

[Penner-75] 


The  experience  in- pipeline  transmission  of  hydrogen  in  the  U.  S. 
is  limited  to  a 50-mile  network  in  the  Houston,  Texas,  area.  The  largest 
and  oldest  hydrogen  pipeline  network  is  located  in  the  Ruhr  area  of 
Germany  where  most  of  a 130  mile  network  has  been  in  continuous  operation 
since  1940.  This  pipeline  has  no  in-line  compressor  station  and  is 
constructed  from  seamless  steel  pipe.  In  the  U.  S.,  many  of  the  250,000 
miles  of  natural  gas  transmission  network,  after  compressor  station 
upgrading,  are  suitable  for  the  transport  of  hydrogen  gas.  The  hydrogen 
energy-transmission  capacity  of  an  unmodified  (750  psia)  natural  gas 
pipeline  is  about  26%  of  the  natural -gas  energy-transmission  capacity. 

This  is  due  to  the  different  compressability  factors  for  hydrogen  and 
natural  gas.  [Penner-75]  Table  D.3.4-2  lists  the  relative  energy- 
transmission  capacities  of  hydrogen  and  natural  gas  pipelines  operating 
at  750  psia.  Comparison  of  the  hydrogen  and  the  estimated  1972  natural 
gas  transmission  costs  at  750  psia  indicates  that  the  cost  of  hydrogen 
transmission  is  about  2.3  to  2.7  times  that  of -natural  gas. 

Pipeline  material  compatibility  with  a hydrogen  environment  may 
be  an  obstacle  to  future  hydrogen  transmission.  Although  the  existing 
mild-steel  hydrogen  pipelines  have  not  been  adversely  affected  by 
hydrogen,  the  materials  used  In  conventional  natural -gas  pipeline  may 
well  be  corroded  by  hydrogen.  The  term  hydrogen -embrittlement  is  usually 
used  to  describe  the  molecular  hydrogen  dissociation  at  the  surfaces  and 
the  penetration  of  atomic  hydrogen  into  the  lattice  structure  of  steel. 

This  usually  leads  to  a loss  of  ductibility  and  to  stress  cracking, 
blistering  or  flaking.  Another  type  of  embrittlement  may  have  been 
observed  in  hydrogen-fuel  operations  at  NASA.  Workers  at  NASA  have 
categorized  materials  as  resistant,  moderately  attacked,  severely  attacked, 
and  extremely  susceptible  to  attack  according  to  their  susceptibility  to 
hydrogen-environment  embrittlement.  Conventional  pipeline  steels  are 
expected  to  fall  in  the  severely  attacked  category. 

Many  natural  gas  networks  utilize  large  diameter  cast-iron  mains 
originally  designed  for  low-pressure  manufactured  gas'  distri bution  in 
dov/ntown  areas.  Suburban  areas  are  fed  through  welded  steel  or  more 
recently  plastic  pipelines.  Cast  iron  and  steel  pipes  are  compatible 
with  hydrogen  use.  The  permanability  of  some  plastic  pipe  compound  is 
significantly  higher  to  hydrogen  than  to  natural  gas  and  may  thus  limit 
the  use  of  plastic  distribution  lines. 

Liquid  hydrogen,  on  the  other  hand,  is  transported  and  distributed 
in  cryogenic  truck  trailers  and  rail  cars-.  Truck  trailer  typically 
carry  7,000  gallons  of  liquid  hydrogen  while  rail  cars  carry  up  to 
34,000  gallons. 


Storage  of  Hydrogen 

In  a hydrogen  pipeline  system,  the  large-scale  storage  of  hydrogen 
will  be  necessary  for  peak-shaving.  The  feasibility  of  using  existing 
storage  tanks  must  take  into  consideration  the  fact  that  a natural  gas 
storage  tank  will  store  at  design  pressure  only  about  one-third  as  much 
energy  when  filled  with  hydrogen.  This  may  require  that  existing  storage 


TABLE  D.3.4-2.  THE  RELATIVE  ENERGY-TRANSMISSION 
CAPACITIES  OF  HYDROGEN  AND  NATURAL-GAS' PIPELINES 
lPenner-75] 


Pipeline 

Relative 

compressor 

capacity 

Relative 

compressor 

horsepower 

Relative 

energy- 

traiismission 

capacity 

natural  gas 

1.  0 

1.0 

1.0 

hydrogen^ 

1.0 

0.  1 

0.26 

hydrogen^ 

2.  1 

1.0 

0.  56 

hydrogen^ 

3.8 

5.  5 

1.0 

a.  An  unmodified  natural-gas  pipeline  is  assumed. 

b.  A natural-gas  pipeline  with  modified  compressor 
capacity  is  assumed. 

c.  A natural -gas  pipeline  with  modified  compressor 
capacity  and -horsepower  is  assumed. 
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facilities  be  enlarged.  For  liquid  hydrogen,  however,  spherical 
containers  are  conventionally  used.  This  type  of  cryogenic  storage 
system,  as  well  as  storage  in  compressed-gas  cylinders,  is  too  expensive 
for  large-scale  application.  Because  of  the  low  boiling  point  of  liquid 
hydrogen  (-423°F),  particular  care  must  be  taken  to  construct  an  effective 
insulating  system. 

Transport  and  storage  of  liquid  hydrogen  has  undergone  considerable 
improvement  in  recent  years,  mainly  due  to  the  large  quantities  of  liquid 
hydrogen  used  as  a fuel  in  the  space  program  and  the  liquid  hydrogen 
stored  at  the  Nuclear  Rocket  Development  Station  in  Nevada.  [HY-73] 


The  Role  of  Hydrogen 

It  is  envisioned  that  in  a hydrogen  energy  system  there  will  be 
several  areas  where  liquid  hydrogen  may  be  used  to  improve' the  system. 

In  any  energy  supply  system,  the  system  must  furnish  energy  on 
demand,  and  the  demand  is  not  generally  constant.  If  hydrogen  gas  were 
being  used  only  for  domestic  heating,  the  fluctuations  in  demand  would 
be  somewhat  predictable  since  there  would  be  a higher  demand  on  days. 

The  suggestion  of  using  hydrogen  generated  from  off-peak  power  to  meet 
peak  load  was  made  in  1933  by  Erran.  Recently,  [T.J-74]  proposed  a 
system  composed  of:  an  electrolytic-subsystem  for  water  electrolysis, 
a fuel  storage  capability,  and  a fuel  cell  system  on  a hydrogen  gas 
turbine-alternator  system  to  supply  electrical  energy  during  the  rush 
load  periods.  Figure  D.3.4-2  illustrates  the  power  generation  station 
with  the  proposed  peaking  unit.  The  analysis  in  this  study  showed  that 
when  the  cost  of  oil  increases  above  $1.20/10^  BTU,  this  scheme  becomes 
economically  feasible  using  technology  of  cryogenic  storage  and  gas 
turbines  presently  available. 

Liquid  hydrogen  could  possibly  be  useful  in  supplying  energy  to 
a small  town  when  the  total  use  rate  and  distance  from  source  might 
make  a pipeline  for  hydrogen  gas  uneconomical.  Another  suggested  use 
of  liquid  hydrogen  is  in  cooling  a cryogenic  electrical  transmission 
cable.  In  this  concept  electric  energy  and  hydrogen  energy  flow  in 
the  same  pipe.  The  economies  are  a result  of  the  reduction  of  electrical 
energy  lost  through  line  resistance.  [HY-73] 

Perhaps  the  most  promising  market  for  cryogenic  hydrogen  is  in  the 
transportjation  area.  [Jones-74]  About  25%  of  the  energy  consumed  in 
the  1).  S.  is  allocated  to  the  transportation  sector.  The  most  efficient 
means  of  transportation  are  by  train,  bus,  plane  and  auto  in  about  that 
order. ^ Hydrogen-air  turbine-driven  trains,  trucks,  and  buses  are  distinct 
possibilities.  Liquid  hydrogen  may  find  its  maximum  near-future  potential 
in  the  aircraft  industry.  Studies  Indicate  that  cryogenic  hydrogen  is 
essential  for  aerodynamic  cooling  of  hypersonic  aircraft  and  highly 
desirable  for  supersonic  airplanes. 
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The  availability  of  large  amounts  of  low-priced  hydrogen  would  have 
a distinct  influence  on  industry.  For  example,  the  use  of  hydrogen  as 
a direct  reducing  agent  for  the  production  of  iron  from  ore  has  been 
technically  proven.  The  switch  from  coke  to  hydrogen  in  the  steel -making 
industry  would  have  widespread  effects,  especially  in  reducing  ai-r  pollution. 


Safety  of  Hydrogen 

Safety  is  perhaps  the  most  controversial  issue  surrounding  the 
possibile  use  of  hydrogen  as  a fuel.  Skeptics  often  express  fear  about 
the  flamability  of  hydrogen.  One  should  consider  the  improvements  in 
hydrogen  technology  and  safety  measures  that  have  been  made  since  1937 
when  the  Zeppelin  disaster  took  place.  Many  of  the  improvements  have 
been  spin-off  benefits  of  the  space  program.  NASA  has  scheduled  the 
Space  Shuttle  for  60  flights/year,  carrying  14  x 10°  Ib/year  of  liquid 
hydrogen  into  space. 

Hydrogen,  today,  is  considered  to  be  no  more  hazardous  to  use, 
transport  and  store  than  gasoline  or  natural  gas,  provided  proper  equip- 
ment and  techniques  are  employed. 

Hydrogen  has  no  odor,  a property  that  makes  leaks  of  pure  hydrogen 
hard  to  detect.  Odorants  are  normally  added  to  natural  gas  to  make 
leaks  more  obvious,  and  the  same  thing  can  be  done  with  hydrogen.  The 
nearly  invisible  hydrogen  flame  might  be  dangerous  as  well;  an  illuminant 
added  to  the  gas  to  increase  the  flame  luminisity  would  solve  the  problem. 


D.4  GENERAL  PROPOSED  ACTIONS 

This  section  presents  a summary  of  proposed  actions  that  have  impact 
on  the  Energy  Industry  (electric  utilities  included).  These  actions 
resulted  from  discussions  among  the  Energy  Industry  task  group  members, 
colleagues  from  other  task  groups,  from  individual  speakers  and  from 
published  literature.  Actions  are  categorized  below  as  actions  taken  by 
the  Government,  the  Energy  Industry,  and  other  sectors  (transportation, 
residential/commercial  and  processing  industry).  It  is  obvious' that  some 
actions  have  direct  impacts  not  only  on  the  Energy  Industry  but  also  on 
electrification.  Table  D.4-1  lists  the  numbers  of  all  the  actions 
categorized  by  the  institutions  that  might  take  (or  propose)  them  and  the 
area(s)  direc'tly  affected. 
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TABLE  D.4-1  CATEGORIZATION  OF  ENERGY  INDUSTRY  ACTIONS 


RELATED  TO 

RELATED  TO 

ACTIONS 

ELECTRIC 

RELATED  TO 

TECHNOLOGY  & 

- RELATED  TO 

TAKEN  BY 

UTILITIES 

FUEL 

EFFICIENCY 

OTHERS 

1,  2,  3,  n. 

4,  10,  12, 

5,  6,  8, 

7,  9,  18, 

13,  14,  15, 

13,  17,  21, 

20,  22,  23,, 

19,  24,  34, 

Government 

16,  17,  27, 

26,  30,  87, 

25,  33 

35,  37 

28,  29,  31, 

88,  89,  90, 

32,  36,  86 

91 

38,  39,  42, 

92,  93,  94, 

40,  41  , 45, 

55 

43,  44,  48, 

95 

46,  47,  49, 

Energy 

50,  51,  52, 

53 

Industry 

54.  94 

58,  59,  60, 

56,  57,  63 

61,  64,  69, 

65,  66,  67, 

62,  76 

70,  71  , 72, 

68 

Others 

73,  74,  75, 
77,  78,  79, 
80,  81,  82, 
83,  84,  85 
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List  of  Energy  Industry  Possible  Actions 

1.  Investigate  inverted  rate  structure  for  utilities. 

2.  Accentuate  discount  rate  structure  for  utilities. 

3.  Encourage  electrification  by  subsidizing. 

4.  Promote  synthetic  petroleums  (coal  gasification,  shale  oil,  liquefaction). 

5.  Develop  standards  for  power  plant  design  (emphasizing  efficiency). 

6.  Devise  mechanisims  to  bring  in  new  efficient  technology  by; 

a.  Taxing  scarce  fuels 

b.  Accelerate  depreciation  allowance  on  utilities 

7.  Start  a major  educational  campaign  aimed  at  key  groups  to  bring  them 
up  to  date  on  available  energy  conservation  technologies. 

8.  Provide  technical  and  financial  support  for  waste  fuel,  power,  and 
heating  plants. 

9.  Reduce  hours  for  TV  stations. 

10.  Place  a surcharge  on  all  imported  fuels. 

11.  Eliminate  the  oil  depletion  allowance  and  foreign  tax  credits. 

12.  Provic^e'a  mandatory  program  for  saving  waste  oil  and  provide  for 
effictent  collection  and  use. 

13.  Stronger  and  better  nationally  organized  city  recycling  programs  (solid 
waste). 

14.  Establish  import  quotas. 

15.  Suspend  energy  consumptive  air  and  water  pollution  requirements. 

16.  Larger  grants  to  develop  solar,  geothermal,  nuclear,  and  hydorelectric. 

17.  Preserve  energy  — import  and  store  if  price  is  right. 

18.  Change  school  calendar  to  reduce  energy  requirements. 

19.  EPIC  Educational  Program 

20.  Tax  credit  for  commercial  retrofit. 
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21.  Establish  a sulfur  tax  on  fuel. 

22.  Tax  credits  on  all  retrofits  which  reduce  energy  use. 

23.  Permit  accelerated  depreciation  for  plant  improvement  systems  which 
utilize  waste  heat  for  furnace  and  boosters. 

24.  Progressive  sales  and/or  energy  taxes  on  water,  gas,  and  electricity. 

25.  Grant  or  insure  low-interest  loans  for  energy  efficient  facilities. 

26.  Establish  a program  on  solid  waste  recovery  from  government  and  industry 
installations. 

27.  Permit  electric  utilities  to  negotiate  rates  with  industrial  and 
commercial  customers. 

28.  Require  electric  utilities  to'  share  load  rather  than  purchase  and  operate 
inefficient  combustion  turbines. 

29.  Require  electric  utilities  to  make  power  generating  unit  load  assignments 
on  basis  of  minimum  oil  and  gas  consumption  not  minimum  cost. 

30.  Expedite  availability  in  the  U.  S.  of  an  economical,  practical,  reliable 
SO2  removal  system.  {The  lack  of  such  a system  is  discouraging  use  of 
fuel  in  existing  steam  power  plants.) 

31.  Use  aerospace  technology  to  develop  a solar  energy  generating  synchronous 
satellite. 

32.  Accelerate  the  development  of  cryogenic,  laser,  and  other' energy  efficient 
power  transmission  techniques. 

33.  Provide  incentives  to  close  inefficient  plants  and  open  efficient  ones. 

34.  Provide  special  tax  credits  and  accelerated  depreciation  for  paper  mills 
and  others  who  ere  electricity  suppliers  due  to  efficient  waste-use 
systems . 

35.  National  education  program  informing  people  of  methods  and  the  need  to 
conserve  energy. 

36.  Require  all  new  fossil  fuel  power  plants  to  burn  coal  or  solid  waste. 

37.  Require  that  future  housing  development  provide  at  least  65%  of 
their  own  energy  source. 


38.  Establish  consolidated  control  of  electric  grid  (power  centers). 

39.  Encourage  load  management,  to  achieve  .higher  load  factors. 

40.  Reduction  of  cooling  water  requirements  and  fuel  usage  by  adopting  power 
plant  cycles  which  employ  combustion  gas  turbines  in  conjunction  with 
steam  equipment. 

41.  Install  heat  recovery  surface  in  furnace  stack  to  increase  overall 
efficiency  of  heating -plant. 

42.  Provide  a rate  incentive  for  interruptible  electric  energy  ..consumption 
by  industry. 

43.  -Provide  a rate  incentive  for  permanent  shifting  of  industrial  loads  to 
daily  off  peak  periods,  to  nights  and  weekends.  - 

44.  Institute  time-of-day-metering  and  a rate  inceative.  to  avoid  peak 
peri ods . 

45.  Replace  defective  steam  traps. 

46.  Use  flash  tanks  and  heat  exchangers  to  recover  heat  from  hot  condensate. 

47.  Reduce  cooling  steam  flow  through  idling  turbines  to  the- true- minimum 
safe  value. 

48.  Structure  rates  to  encourage  off  peak  use. 

49.  Install  thicker  insulation  on  furnaces,  vessels,  and  ducts  containing 
hot  gases. 

50.  Investigate  which  industrial  operations  will  lend  themselves  to  shifting 
in  operating,  patterns  (electric  furnaces,  glass  melting,  crushing  and 
grinding  in. many  industries  are  good  examples). 

51.  Promote  storage  heating  and  cooling-  (in  form  of  cold  wa.ter,  ice  or 
salt)  which  might  have  an  adverse  effect  on  the  loading  curve-. 

52-.  Institute  peak  demand  metering  only  during  the  periods  of  daily  peak 
hours. 

53.  Improve -efficiency  of  stationary  diesels  driving- -generators  by  adding 
superchargers. 

54.  Install  small  unattended  hydroelectric  plants  at.  undeveloped  sites  on 
rivers  and  lakes. 
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55.  Improve  operating  practices  so  as  to  avoid  waste  of  fuel  or  other 
materials.  This  will  probably  require  an  operator  training  program. 

56.  Use  battery  powered  electric  car  for  urban  driving. 

57.  Initiate  an  electric  cab  program. 

58.  Business  close  at  7:00  p.m.  and  on  Sundays 

59.  Utilize  daylight  whenever  possible  in  place  of  artificial  lighting. 

60.  Develop  a small  commercially  acceptable  total  energy  package  or  fuel 
cell  for  apartment  houses  or  for  Individual  homes. 

61.  More  efficient  air  conditioners. 

62.  Investigate  how  different  electric  heating  systems  match  utility 
system  characteristics. 

63.  Promote  synthetic  petroleum  {coal  gasification,  shale  oil,  liquefaction, 
etc.) 

64.  Promote  use  of  bottoming  and  topping  units, 

65.  Promote  staggering  working  hours  to  reduce  travel  time. 

66.  Establish  a national  institute  for  energy  conservation. 

67.  Establish  a national  clearing  house  for  energy  conservation  ideas,. 

68.  Persuade  "incentive-award"  companies  to  award  housing  insulation 
retrofits,  storm  windows,  etc. 

69.  Stop  leaks  of  steam  and  condensate. 

70.  Install  heaters  to  recover  waste  heat  from  hot  water  streams  such  as 
engine  jacket  water. 

71.  Install  waste  heat  boilers  to  recover  heat  from  hot  w.aste  gases  such  as 
, the  exhaust  of  turbines. 

72.  Reduce  steam  flow  through  pressure  reducing  stations  to  zero  for  all 
except  emergency  conditions. 

73.  Replace  old  eroded  or  corroded  impellars  in  existing  equipment. 
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74.  Use  of  hydraulic  or  gas  expansion  turbines  to  recover  pressure  energy 
from  high  pressure  liquid  and  gas  streams  leaving  a process  mill. 

75.  Substitute  new  efficient  pumps,  fans,  compressors,  etc.  for  old 
inefficient  equipment. 

76.  Require  process  industries  to  sell  to  the  local  electrical  utility 
any  surplus  power  which  can  be  produced  from  industrial  non-condensing 
turbines. 

77.  Adopt  more  efficient  heater  designs  embodying  such  features  as  flue  gas 
recirculation.  Process  unit  heaters  with  efficiencies  in  excess  if  90% 
are  now  available. 

78.  In  lieu  of  using  heating  steam,  attempt  to  exchange  heat  between  steams 
within  a unit  and  also  between  units. 

79.  Increase  frequency  of  cleaning  heat  exchangers. 

80.  Install  additional  heat  exchange  surface  to  minimize  temperature  difference 
between  the  heating  steam  and  the  product  being  heated. 

81.  Install  additional  metering  so  that  abnormal  steam  usage  will  be 
detected  quickly. 

82.  Use  waste  heat  boilers  to  recover  heat  from  hot  gases  which  otherwise 
would  be  discharged  to  air. 

83.  Install  forced  draft  fans  to  improve  draft  conditions  in  boilers. 

84.  Install  additional  extended  surface  in  convection  section  of  boilers. 

85.  Revise  criteria  for  evaluation  of  alternate  processes  and  equipment 
selections  so  that  the  alternate  selected  is  that  one  which  offers  ‘ 
the  lowest  total  cost  (including  fuel  cost)  over  the  lifetime  of  the 
equipment  or  at  least  over  a period  of  ten  years  or  more.  This  measure 
would  have  a greater  effect  in  raising  the  efficiency  of  energy  use  by 
industry  than  any  other. 

86.  Adopt  a policy  to  reduce  the  national  growth  of  electricity  demand. 

87.  Initiate  taxes  on  automobile  engine  size. 

88.  Investigate  implications  of  gasoline  rationing. 


89.  Initiate  government  regulations  for  intrastate  natural  gas  sales. 

90.  Program  for  government  absorbing  risk  for  fuel  industry. 

91.  Make  available  government  land  for  commercial  oil  shale  mining. 

92.  Evaluate  carefully  the  conservation  potential  for  petroleum  dependent 
systems  such  as  fuel  cells. 

93.  Conversion  to  nuclear  energy  based  on  light  water  reactors  LWR  (enriched 
uranium)  and  high  temperature  gas-cooled  reactors. 

94.  Recycle  plutonium. 

95.  Improve  the  inefficiency  in  the  electrolysis  process  and  in  the 
reconversion  of  hydrogen  to  electricity. 

96.  Deregulate  natural  gas  prices. 

97.  Implement  secondary  and  tertiary  recovery  of  oil  and  gas. 


D.4.2  CONSTRAINTS 

Institutional  constraints  fall  into  three  broad  categories  — economic, 
legal  and  social. 


Economic  Constraints 

Unquestionably,  and  perhaps  with  some  chagrin,  it  must  be  admitted  that  the 
overwhelming  class  of  constraints  to  the  introduction  of  any  conservation 
technology  is  economic.  It  matters  little  whether  a particular  proposal 
can  show  a 30%  net  energy  savings,  within  a free  corporate  structure  it  has 
little  chance  unless  it  can  also  show  a profit.  This  is  a major  factor 
which  must  be  kept  in  focus.  In  particular,  attention  must  be  given  to 

The  cost  of  extraction, 

The  cost  of  retrofit, 

The  cost  of  utilizing  waste  resources. 

The  capitalization  of  energy  and  utility  companies. 
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Legal  Constraints 

There  are  a vast  number  of  constraints  of  a legal  nature  which  have 
arisen  because  of  a desire  to  enhance  the  environment,  increase  profits, 
guard  against  thoughtless  destruction  of  land,  aiid  insure  social  stability. 
Such  legislative  effects  at  both  state  and  federal  levels  are  commendable. 
But  some  obstructive  laws  are-  archaic  while  the  reasoning  ,behind  others 
becomes  unsound  in  light  of  new  developments  in  energy.  A few  of  the 
particularly  important  areas  in  which  constraints  need  to  be  identified 
are: 


Leasing  policies. 

Price  controls. 

Transportation  regulations. 
Environmental  .regulations,  and 
Taxation  policy. 


Social  Constraints 


A third  area  in- which  important  constraint?  to  conservation  actions 
can  be  identified  is  social,  which,  because  of  developing  awareness,  must 
take  into  account  political  and  environmental  factors  as  well.  A politician's 
views  cannot  be  totally  divorced  from  those  of  his  constituents  nor  the 

public's  attitudes  from  those  of  the  advertising  media.  A lot  of 
constraints  within  the  social  realm  are  completely  intertwined  with  other 
interests i perspectives,  attitudes  and  fears  characteristic  of  specific 
■segments  of  societi^.  The  most  important  constraints  in  this  area  which 
need  to  be  identified  are 

Rising  expectations  of  impro'vec|  living  standards. 

Growing  concern  for  cleaner  water  and  clean  air. 

Desire  for  greater  leisure, 
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D.4.3  IMPACTS 

Following  the  usual  practice,  the  impacted  areas  will  be  classified 
within  the  general  categories  of  economics,  s.ocio-politi cs,  environment, 
and  technology. 

Impacts  could  be  categorized  as  primary,  secondary,  and  higher  order. 
Primary  impacts  are  those  which  result  as  a direct  consequence  of  a partic- 
ular requirement.  Secondary  impacts  appear  due'  to  perturbations  produced 
in  the  system  by  the  primary  impacts.  To  illustrate  the  nature  of  impacts 
of  various  orders,  suppose  that  a given  action  requires  that  all  new  fossil 
fuel’  power  plants  burn  coal.  This  will  necessarily  entail  an  increase  in 
coal  mining.  Primary  inpacts  could  be  more  mine  accidents  and  cases  of 
black  lung  disease.  These  in  turn  produce  secondary  and  higher  impacts  on 
the  mining  industry,  society,  and  on  the  miners  themselves.  Figure  D.4.3-1 
illustrates  the  sequence  of  Impacts  generated  by  the  required  Increase  in 
coal  mining.  Loss  of  income  and  increased  medical  expenses  are  secondary 
personal  impacts.  Note  that  an  increase  in  production  cost  is  a third 
order  impact  generated  by,  say,  mine  property  damaged  during  a mine  accident. 

Figure  D.4.3-1  could  be  expanded  to  include  impacts  of  higher  order, 
however,  the  analysis  becomes  complicated  by  the  fact  that  impacts  are  no 
longer  isloated  and  their  effects  tend  to  overlap.  The  discussion  of  impacts 
in'this  section  will  be  limited,  in  general,  to  first  and  second  order^ 


SELECTED  GROUP  OF  ACTIONS 


Based  on  the  overall  constraints  presented  in  Section  D-4.2,  the 
general  proposed  actions  have  been  filtered  out  and  reduced  to  a smaller 
set  which  directly  affects  the  energy  industry.  These  actions  can  be 
classified  into  six  general  categories: 

Category Action 

I Create  supplies  of  intermediate  synthetic  fuels. 

II  Increase  efficiency  of  extraction,  transpor- 

tation, and  conversion  of  fuels. 

Ill  Government  control  of  pricing  structure  and 

import  of  fuels. 

IV  Provide  economic  conditions  to  encourage 

national  energy  development 

V Trade-off  considerations  in  energy  conservation 

and  environmental  impacts. 


VI 


Trade-off  land  use  goals  against  energy  needs 
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VARIOUS  IMPACTS  RESULTING  FROM  COAL  MINING 
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The  idea  of  grouping  the  actions  in  general  categories  is  to  accommodate 
those  actions  which  escaped  consideration  in  the  early  listing,  such  as 
actions  pertaining  to  the  refining  of  oil 

Table  D.4.3-1  lists  the  selected  actions  according  to  the  categories 
presented  above.  Action  numbering  is  the  same  as  in  D.4.1. 


IMPACT  ASSESSMENT 


Actions  within  Category  I,  which  includes  coal  gasifications  in  situ 
recovery  of  shale  oil,  and  liquid  natural  gas;  and  actions  number  96  and 
97  are  discussed  in  Chapter  4. 

Due  to  time  limitations,  an  impact  assessment  of  only  the  actions 
within  Category  III  and  IV  is  presented.  The  basis  for  selecting  this 
group  of  actions  is  their  potential  for  immediate  implementation  and  the 
fact  that  the  government  and  the  utilities  are  studying  them. 

Impact  matrices  for  the  technological,  economic,  environmental,  and 
socio-political  areas  are  presented  in  Tables  D.4.3-2  through  D.4.3-5, 
respectively.  The  positive  sign  (+)  indicates  that  either  the  action 
produces  an  impact  as  indicated  or  that  the  impact  is  favorable.  For  the 
negative  sign  (-)  the  reverse  is  true.  A blank  space  indicates  that  there 
is  no  apparent  effect  as  far  as  primary  and  secondary  impacts  is  concerned 
or  that  the  impact  is  not  very  clear. 

The  assignment  of  relative  ranking  to  the  impacts  of  the  actions  is  • 
a subjective  process.  However,  the  method  has  some  merit  as  a rough 
indication  of  effects  produced  by  a particular  action.  ‘ Inspection  of 
Tables  D.4.3-2  through  D.4.3-5  shov/s  that  the  overall  effect  of  the  actions 
selected  are  favorable  ones. 

In  particular,  an  inverted  rate  structure  coupled  with  a metering 
system  to  monitor  peak  loads  should  be  beneficial  in  the  drive  for 
energy  conservation.  The  most  widely  used  rate  schedule  encourages  customers 
to  use  electricity  wastefully,  since  the  more  consumed  the  less  paid. 

In  addition,  the  present  price  for  electricity  does  not  make  any  distinction 
between  users  that  add  to  the  peak  load  and  those  that  do  not.  The  utilities 
are  legally  obligated  to  build  enough  capacity  to  meet  the  peak  load  demand. 
Thus,  peak  load  users  are  the  cause  for  the  requirements  of  more  electric 
power  plants.  A system  which  charges  the  customers  for  the  true  worth 
of  the  peak  period  consumption  will  motivate  people  to  shift  to  periods 
where  system  capacity  is  adequate  and  not  used.  The  net  result  could  be 
the  end  of  unnecessary  overbuilding  of  capac-ity,  which  could  hold  down 
electricity  prices. 
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TABLE  D.4.3-1.  CATEGORIZATION  OF  SELECTED  ACTIONS 


Category 

I II  III  TV  V VI 


Selected 

5, 

6,  32,  39,  40-,  41 

1, 

6,  10 

2, 

3,  6 

, 8 

Actions 

45, 

46, 

47, 

49, 

53 

11, 

14, 

17 

22, 

23, 

25 

4 

55, 

■64,, 

69, 

71, 

72 

21, 

24, 

27, 

30, 

33, 

42 

73, 

75, 

77, 

79, 

81 

29, 

44, 

48 

43, 

90. 

83, 

84, 

85, 

97. 

96. 

* (+)  action  produces  an  impact  as  indicated  or  impact  is  favorable 
(-)  the  reverse  to  (+) 

( ) a blank  space  indicates  that  there  is  no  apparent  effect  or  that  the 
Impact  is  not  clear 


> Encourage  nuclear  plants 


TABLE  D.4.3-3.  ECONOMIC  IMPACTS  OF  SELECTED  ACTIONS 


IMPACTS 


ACTIONS 


Inverted  rate  structure 

Permit  utilities  to  negotiate  rates 

Assign  load  on  minimum  oil/gas  use 

Encourage  off  peak  use 

Time-of-day-metering 

Sulfur  tax  on  fuel 

Surcharge  on  imported  fuel 

Eliminate  foreign  tax  credits 

Establish  import  quotas 

Import  and  store  if  price  is  right 

Accelerate  utility  discount  rate 

Subsidize  electrification 

Tax  credit  on  all  retrofits 

Utilize  west  heat 

Loans  for  efficient  facilities 

Expedite  SO^  removal  equipment 

Encourage  interruptable  use 

Use  waste  'for  fuel 

Government  accept  development  risks 
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* (+)  action  produces  an  impact  as  indicated  or  impact  is  favorable  o 

I 

{-)  the  reverse  to  (+)  2 

( ) a blank  space  indicates  that  there  is  no  apparent  effect  or  that  the 
impact  is  not  clear 


TABLE  D.4.3-4.  ENVIRONMENTAL  IMPACTS  OF  SELECTED  ACTIONS 


IMPACTS 


ACTIONS 


Inverted  rate  structure 

Permit  utilities  to  negotiate  rates 

Assign  load  on  minimum  oil/gas  us^ 

Encourage  off  peak  use 

Time-of-day-metering 

Sulfur  tax  on  fuel 

Surcharge  on  imported  fuel 

Eliminate  foreign  tax  credits 

Establish  import  quotas 

Import  and  store  if  price  is  right 

Accelerate  utility  discount  rate 

Subsidize  electrification 

Tax  credit  on  all  retrofits 

Utilize  waste  heat 

Loans  for  efficient  facilities 

Expedite  SOx- removal  equipment 

Encourage  interrqptable  use 

Use  wastes  for  fuel 

Government  accept  development  risks 


* (+)  action  produces  an  impact  as  indicated  or  impact  is  favorable 
(-)  the  reverse  to  (+) 

( ) a blank  space  indicates  that  there  is  no  apparent  effect  or  that  the 
impact  is  not  clear 


TABLE  D,4.3-5.  SOCIO-POLITICAL  IMPACTS  OF  SELECTED  ACTIONS 
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Inverted  rate  structure  pi 

Permit  utilities  to  negotiate  rates 
Assign  load  on  minimum  oil/gas  use 
Encourage  off  peak  use 
Time-of-day-metering 
Sulfur  tax  on  fuel 
Surcharge  on  imported  fuel 
Eliminate  foreign  tax  credits 
Establish  import  quotas 
Import  and  store  if  price  is  right 
Accelerate  utility  discount  rate 
Subsidize  electrification 
Tax  credit  on  all  retrofits 
Utilize  waste  heat 
Loans  for  efficient  facilities 
Expedite  SOx  removal  equipment 
Encourage  interruptable  use 
Use  wastes  for  fuel 
Government  accept  development  risks 
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* (+)  action  produces  an  impact  as  indicated  or  impact  is  favorable 

) 

{-)  the  reverse  to  (+) 

{ ) a blank  space  indicates  that  there  is  no  apparent  effect  or  that  the 
impact  is  not  clear 
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D.4.4.4  GOVERNMENT  PROPOSALS  DIRECTLY  RELATED  TO  THE  ENERGY  INDUSTRY 

Appendix  I contains  a list  of  major  national  and  state  legislative 
proposals  relating  to  energy.  Some  are  categorized  as  energy  conserva- 
tion proposals,  although  it  appears. that  the  term  is  used  in  the 
restricted  (simply  curtail  use)  sense.  Table  D. 4.4-1  presents  a list 
of  the  federal  proposals  relating  directly  to  the  energy  industry.  A 
preponderance  of  bills  are  directed  at  the  oil  and/or  gas  industries, 
especially  in  the  antitrust  and  Outer  Continental  Shelf  areas. 

The  state  proposals  related  to  the  energy  industry  deal  principally 

wi  th : 


Operations  of  public  service  commissions. 

State  and  municipal  ownership  of  electric  utilities. 

Consumer  rights. 

Statewide  research  and  development. 

Some  of  these  have  already  been  signed  by  the  governors  of  the 
appropriate  states.  The  concern  with  the  energy  problem  is  common  to  all, 
despite  the  diversity  in  the  actual  state  enaciinents. 

An  important  area  for  future  research  is  to  determine  the  consistency 
of  the  myriad  of  state  policies  with  each  other  and  with  federal  policies 
in  terms  of  energy  conservation.  The  ECASTAR  group  has  only  scratched  the 
surface  by  analyzing  national  energy  conservation  in  light  of  its  require- 
ments and  impacts.  Government  actions  affect  all  sectors  of  the  economy. 
It  is  difficult,  then,  to  consider  any  energy  conservation  strategy  (e.g., 
diversification,  electrification)  without  direct  attention  to  associated 
government  policy. 


D.4.5  DETAILED  ACTIONS  ANALYSIS- 

The  basic  proposals  of  Section  D. 4.1  have  been  screened  by  means 
of  the  fundamental  criteria  of  Section  D.4.2.  In  addition  the  task 
group  added  a further  set  of  criteria.  As  a set  the  actions  should 
cut  across  the  diciplines  of  technology,  economic  and  governmental 
actions.  Further  actions  were  selected'  to  be  those  which  are  fre- 
quently proposed  and  which  are  commonly  thought  to  be  of  significant 
impact.  Where  possible,  alternate  actions  which  addressed  themselves 
to  the  same  goal  were  chosen  so  that  direct  comparison  could  be  made 

The  final  set  of  actions  to  be  considered  in  detail  are  listed 
below.  Note  that  certain  liberties  have  been  taken  in  addressing 
the  original  proposals  of  Section  D.4.1;  this  was  done  in  order  to 
facilitate  the  systems  method  and  to  enhance  the  direct  comparability 
of  the  proposals. 
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bill  # COMMENT 

COAL  ; 

HR  3217  Change  tax  laws  to  encourage  synthetic  fuels. 

HR  3333  Occupational  safety. 

S 1777  Clean  use  of  coal  by  power  plants.- 

HR  3463  Strip  mining  regulation. 

HR  3836  University  research  on  coal  technology. 


OIL  AND  ^ : 
S 745 
S 1138 
HR  3322 
HR  3323 
HR  3324 
HR  3399 
HR  4907 
HR  5211 
HR  5663 
HR  6385 
S-1113 
HR  5173 
S 1139 
S 1186 
S 1383 
HR  3808 
HR  4112 
HR  5043 
S 1182 
S 1524 
S 1595 
HR  5510 

HR  3481 


Anti  trust 
Antitrust 
Antitrust 
Antitrust 
Anti  trust 
Antitrust 
Antitrust 
Antitrust 
Antitrust 
Antitrust 

Public  oil  reserves. 

Public  oil  reserves. 

Outer  Continental  Shelf 
Outer  Continental  Shelf 
Outer  Continental  Shelf 
Outer  Continental  Shelf 
Outer  Continental  Shelf 
Outer  Continental  Shelf 
Leasing. 

Remove  depletion  allowance. 

Oil  Import  License  Fees. 

Oil  Import  License  Fees. 

Coastal  state  funds  for  impact  studies  of 
OCS  development. 


HR  3594 


8il  shale. 


TABLE  D. 4.4-1.  Continued 
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HR  3753 
HR  3850 
HR  3876 
HR  3906 

HR  4061 
HR  4282 
HR  5670 
HR  4958 
HR  7116 


Deregulate  natural  gas. 

Reduce  oil  imports. 

Provide  "reasonable"  prices  for  natural  gas. 

Prohibit  the  President  from  increasing  oil 
price  by  more  than  $1. 

Deny  foreign  tax  advantages. 

Government  purchase  all  oil  imports. 

Government  review  foreign  supply  contracts. 

Severance  taxes. 

Tax  credit  for  new  exploration  and  development. 


EHERGY  IN  GENERAL  : 

HR  6557  Prohibit  energy  price  discrimination. 


SYNTHETIC  L'lELS  : 

HR  6598  ERDA  facilities. 


NUCLEAR  : 
S 1119 
S 1717 
HR  3809 
HR  4945 
HR  4971 

HR  5406 

HR  6870 


Uranium  tailings 

Create  nuclear  power 

Create  Nuclear  Power  Resources  Authority 

Authorization  of  plutomium  licenses. 

Suspend  nuclear  power  plant’ licenses  pending 
a five-year  study. 

Suspend  nuclear  power  plant,  licenses  pending 
a five-year  study.. 

Suspend  nuclear  power  plant  licenses,  pending 
■a  five-year  study. 


SOLAR  : 

S 1379  Income  tax  credits  on  solar  equipment 


MAGNETOHYDRODYNAHICS  : 

HR  5833  R & D 

S 744  R & D 


ELECTRIC  UTILITIES 
HR  3775 


HR  6696 


Environmental  concerns  during  construction 
Rules  for  agencies  that  regulate  rates. 
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Selected  Actions 


Coal  gasification 

In  situ  shell  liquefaction 

Improved  secondary  and  tertiary  recovery  of  oil  & gas 
Expanded  utilization  of  liquid  natural  gas 
Deregulation  of  natural  gas  prices 

-It  should  be  noted  that  these -actions  address  themselves  to  two 
distinct  problems:  (1)  shortages  of  natural  gas  and  (2)  shortages 
of  oil.  Techniques  for  solution  include  (1)  development  of  existing 
resources,  (2)  increases  in  production  efficiency,  and  (3)  introduction 
of  substitute  fuels.  Detailed  discussion  of  these  alternate  approaches, 
their  requirements  and  impacts,  are  shown  in  Section  D.4.5.1  through 
D.4.5.5. 


D.4.5.1  COAL  GASIFICATION 

Interest  in  coal  gasification  is  derived  from  three  areas;  (1)  elimin- 
ation of  emissions  associated  with  direct  combustion  of  coal  (2)  development 
of  a pipeline  quality  natural  gas  and  (3)  production  of  a feedstock  to  cer- 
tain liquefication  processes.  In  each,  coal  is  to  be  substituted  for  what  1s 
generally  a cleaner  and  less  expensive  fuel.  This  action  is  frequently  .justi- 
fied for  two  reasons: 

Ultimate  coal  reserves  are  significantly  larger  than  those  of 
either  gas  or  oil.  Coal  gasification  will  in  the  long  run  enable 
a more  uniform  rate  of  consumption. 

Large  coal  reserves  are  available  nationally  so  that  replacement 
of  alternate  imported  fuels  impacts  favorably  on  the  balance  of 
payments  and  reduces  susceptability  to  international  boycotts. 


Proposed  Action 


"The  federal  government  will  develop  and  implement  an  aggressive  program 
to  facilitate  rapid  development  of  an  economically  viable  coal  gasification 
program." 


Goal 


ERDA  has  considered  a similar  action  to  this  for  inclusion  in  the  upcoming 
federal  budget  [Monti -75].  The  government  projections  suggest  a capability 
of  producing  1-3  quads  of  gas  by  1985  and  0.5  quads  of  liquids.  In  assess- 
ing the  impact  of  such  a program,  a goal  will  be  established  at  3.0  quads  by 
the  end  of  this  same  time  period. 
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Requirements 


All  of  the  currently  proposed  commercial  installations  are  based  on 
established  technology  utilizing  the  Lurgi  process  [CA-75,94].  Alternate 
processes  under  development  will  require  a significant  time  lag  as  they_ 
move  through  the  demonstrator  stage  to  commercial  development.  Commercial 
operations  of  these  plants  is  not  anticipated  prior  to  1985  [PI-74-3,107]. 
Consequently  projections  have  been  made  using  established  costs,  manpower 
and  material  requirements  for  the  Lurgi  process. 

Capital  costs  of  coal  gasification  plants  have  recently  risen  dramati- 
cally. In  1973  a typical „unit  in  Dunn  County,  North  Dakota  capable  of  pro- 
ducing 250  mmcf/day  (1  ft'^  = 920  BID)  was  reported  to  cost  $370  million  plus 
another  $100  million  for  the  mine  facility  [OGJ-73  ,132];  by  duly  1975  the 
cost  of  this  same  plant  had  risen  to  $700  million  plus  $100  million  for  the 
accompaning  coal  facility  [Weiss-75].  This  unit  is  scheduled  to  be 
operational  in  1982.  Assuming  333  days  of  operation  per  year,  37  plants 
are  required  to  produce  3 quads  per  year.  Without  adjusting  for  infla- 
tion, this  amounts  to  $29,600  million  which  would  be  required  to  construct 
37  such  plants  and  mines  to  produce  a 3 Quad  output. 

Construction  and  testing  of  a typical  250  mmcf/day  plant  takes  three 
to  four  years.  Peak  manpower  requirements  are  about  3000  employees  and 
completion  of  the  project  requires  a total  of  16,550,000  man  hours.  This 
includes  250  engineers  associated  with  the  plant  design  and  construction. 
Plant  operation  requires  625  persons  and  the  associated  mine  will  employ 
approximately  300.  These  numbers  include  80  managers  and  engineers  at 
the  processing  plant  and  an  additional  65  in  charge  of  mining.  The  esti- 
mated total  payroll  to  the  facility  will  be  $14.8  million  and  will  support 
an  additional  1500  to  2000  service  jobs  to  provide  increased  professional 
and  commercial  service  to  the  increased  population. 

Structural  requirements  for  -the  proposed  plants  are  shown  in  Table 
D.4.5-1.  The  pipe  steel  listed  is  for  the  construction  of  the  facility 
itself  and  does  not  include  either  the  water  pipelines  or  the  SRG  pipe- 
line. Since  many  of  these  units  will  be  located  in  western  areas  where 
large  quantities  of  natural  gas  do  not  normally  occur,  pipelines  of 
sufficient  size  do  not  presently  exist  for  its  transport.  Two  of  the 
major  regions  under  consideration  for  development  of  coal  gasification 
units  are  the  Powder  River  Basin  of  Wyoming  and  the  Four  Corners  area  of 
New  Mexico.  Generally  it  is  considered  that  gas  produced  in  the  great 
plains  will  be  transported  easterly  either  by  connecting  with  existing 
pipelines  in  Kansas  or  by  joining  the  proposed  pipeline  across  the 
Canadian  border.  Gas  produced  in  the  Four  Corners  area  will  generally 
be  transported  toward  California.  Pipeline  on  construction  costs  are 
estimated  [PI-74-6,40]  at  $132,149/mmcf/day  from  Cheyenne,  Wyoming  to 
Kansas  City,  Missouri;  costs  are  $138, 331 /mmcf/day  from  Farmington,  New 
Mexico  to  Los  Angeles,  California.  Using  an  average  construction  costs 
of  $135,000/mmcf/day,  pipelines  sufficient  to  transport  3 Quads  of  energy 
per  year,  8473  mmcf/day,  would  cost  a total  of  approximately  $1,143,906,000. 
Similarly  steel  requirements  between  these  locations  are  approximately 
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TABLE  D.4.5-1.  MATERIAL  REQUIREMENTS  FOR 
DEVELOPMENT  OF  A THREE  QUAD  COAL  GASIFICATION  CAPACITY 

[PI-74^3,47] 

Single  250  MCF/D  3.0  Quads 

Lurgi  Unit  With  of  Lurgi  Units 

Methanation 


Steel 


Thick  Plate  (tons) 

24,000 

888,000 

Structural  (tons) 

7,200 

266,400 

Reinforcing  (tons) 

2,400 

88,800 

Pipe  (tons) 

12,000 

444,000 

High  Pressure  Vessels 

200 

6,800 

Compressors  over  750  HP 

30 

1,110 

Copper  (tons) 

400 

14,800 

Aluminum  (tons) 

5,000 

185,000 
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250  tons/nimcf/day  requiring  2 million  tons  total.  Manpower  requirements 
average  about  1700  man  hours/mmcf/day  [PI-74-6, 58J  giving  a total  of 
14,405,000  man  hours.  Piping  of  water  from  the  upper  Missouri  to  the 
Northern  site  is  expected  to  cost  $400-750/acre  ft  giving  total  cost  of 
up  to  $625  million  [Flannery-75]. 

Raw  process  materials  required  for  the  gasification  plants  are  shown 
In  Table  D.4.5-2.  The  coal  is  assumed  to  be  obtained  from  a site  adjacent 
to  the  gasification  plant  so  that  transportation  problems  are  minimal. 
Oxygen  is  to  be  produced  on  site  using  cryogenic  air  separation.  Water 
inputs  listed  include  all  water  purchased;  a portion  of  this  water  will  in 
turn  be  discharged  to  the  environment  while  the  major  portion  will  be 
consumed  as  a reagent.  Approximately  22,000  tons  of  water  per  day  will  be 
consumed  as  a chemical  reagent.  The  remaining  requirements  rare  largely  for 
cleaning  coal  and  for  process  steam. 


Potential 


The  total  natural  gas  production  in  1973  was  22.6  trillion  cubic 
feet  or  about  23.4  quads.  [PI-74-4,1 -1 2]  Limited  reserves  will  most 
likely  preclude  significant  increases  in  production  by  1985.  FEA  pro- 
jection of  production  are  listed  in  Table  D.4.5-3.  Production  is 
expected  to  reach  only  24  to  30  trillion  cubic  feet  by  1985.  Produc- 
tion p.f  3 Quads  of  SNG  would  then  represent  10-12%  of  the  total  national 
suppl^^f  gaseous  fuels. 

Impacts 

The  production  of  3.0  quads  of  SPG  by  1985  would  significantly 
decrease  dependence  on  foreign  oil  supplies  and  alter  balance  of  pay- 
ments problems.  Assuming  that  the  produced  gas  could  directly  replace 
oil  imports,  the  import  requirements  would  be  reduced  by  500  million 
barrels  per  year.  At  $ll/bbl,  this  would  represent  a decrease  of  $5.5 
billion  per  year  in  oil  purchases.  Furthermore,  natural  gas  supplies 
are  critically' short  and  service  has  been  severely  curtailed  in  several 
parts  of  the  country.  SPG  can  substantially  augment  current  natural 
gas  supplies-  of  around  23  quads/year  and  help  to  ensure  an  adequate 
supply  to  the  million  of  natural  gas  users. 

Material  requirements  are  considered  to  be  a major  problem.  The 
largest  need  is  for  thick  plate  steel  and  pipe.  The  total  requirements 
of  steel  are  estimated  to  be  3.5  million  tons  to  be  purchased  over  a 
3 tO‘',7  year  period.  This  is  only  a small  fraction  of  the  total  131.5 
million  tons  produced  annually  (1970)  [FEA-74,336],  but  supplies  have 
been  scarce  over  recent  years.  Similarly,  if  fabrication  of  facilities  exist, 
vessels  are  no  problem.  The  Lurgi  units  are  designed  to  operate  at  pres- 
sures of  only  about  400  psi  and  therefore  will  not  require  specialized 
facilities  such  as  those  used  for  nuclear  vessels.  It  should  be  noted, 
however,  that  again  steel  production  is  periodically  strained  so  that 
manufacture  of  the  Lurgi  gasifiers  may  in  fact  delay  construction  of 
competing  energy  of  industrial  facilities. 
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TABLE  D.4.5-2. 

PROCESS  MATERIAL  REQUIREMENTS 
FOR  LURGI  COAL  GASIFIER 

[PI-74-3  ill  0] 

Single  250  MCF/D 

3.0  Quads 

Lurgi  Unit  with 

of  Lurgi  Units 

Hethanation 

Coal 

27540  tons/day 

340,900,000  tons/year 

Oxygen 

5680  tons/day 

70,300,000  tons/year 

Water 

40772  tons/day 

504,000,000  tons/year 

TABLE  D.4.5-3.  PROJECTIONS  OF' NATURAL  GAS  PRODUCTION  1985 

[Pr-74-4] 


Business 
as  usual 


Assumed  Assumed  Production  of 

Oil  Price,  ,bbl  Gas  Price,  mcf  Non  Associated  Gas 

trillion  cubic  ft. 


Production  of 
Associated  Gas 
trillion  cubic  ft. 


$7.00  $1.00  18,152 


5,824 


Accel  era ted 
Devel opment 


$11.00 


$2.00 


21 ,391 


7,987 


Capital  requirements  are  difficult  to  specify  because  of  the  rapid 
inflation  rate  encountered  in  the  project.  Projecting  the  costs  of  the 
Dunn  County  Unit  scheduled  to  be  operational  in  1982  to  the  37  plants, 
and  not  accounting  for  inflation  of  current  or  projected  total  U.  $. 
capital  investment,  the  total  cost  of  the  plants  including  pipelines 
is  $31,3  billion.  In  1974  the  total'  industrial  capital  investments  were 
$112  billion  and  for  the  oil  and  gas  industry  investments  were  estimated 
at  about  $20  billion.  Even  spreading  the  costs  of  such  units  over  several 
years  and  allowing  for  future  capital  expansion,  it  is  obvious  that  con- 
struction of  gasification  plants  on  this  scale  will  require  a major  com- 
mittment on  the  part  of  nation  and  will  virtually  preclude  significant 
alternate  actions  by  the  oil  and. gas  industry. 

Positive  benefits  include  significant  employment  opportunities  in 
largely  agricultural  areas.  Both  the  Platte  River  Basin  of  Wyoming  and 
the  Four  Corners  area  of  New  Mexico  are  in  need  of  additional  employ- 
ment opportunities.  Wyoming  had  a net  population  growth  of  only  .7%  in 
the  decade  1960-1970,  with-  about  12^  of  the  population  leaving  the  state. 

The  Four  Corners  areas  of  New  Mexico  is  located  on  the  Navaho  Indian  Re- 
servation where  employment  opportunities  have  been  traditionally  poor. 

The  total  local  direct  and  indirect  permanent  employment  requirements  are 
about  '90,000  .people.  The  total  direct  income  into  the  community  from  em- 
ployment by  the  facilities  will  be  about  $550  million.  Increased  tax 
revenue  will  provide  direct  benefits  in  terms  of  schools,  improved 
medical  facilities  and  other  public-welfare  benefits.  In  the  short  term, 
however,  the  higher  influx  of  construction  workers  will  over  burden  existing 
housing,  schools,  hospital,  law  enforcement,  and  the  community  services.  This 
effect  may  be  diminished  by  careful  preparation  and  widespread  use  of  tem- 
porary facilities,  but  will  almost  certainly  produce  a transient  deteriora- 
tion of  such  services  for  existing  residents. 

One. of  the  most  widely  discussed  issues  is  that  of  water  resources. 

The  gasification  plants  and  associated  mines  will  require  about  740,000 
acre  ft/year.  The  increased  population  will  require' an  additional  91,000 
area  ft/year.  Conservationists  warn  that  "water  use  of  this  order  of 
magnitude  is  a semiarid  region. . .will  have  significant  environmental 
impacts".  [Ruedisil i-75,149]  However,  the  Department  of  Interior  dis- 
agrees. Water  resources  will  definitely  limit  development  in  the 
Four  Corners  once  water  supplies  in  the  Northern  Great  Plains  ane 
reported  to  be  more  than  adequate.  [Flannery-75].  Presently  about  6 million 
acre  feet  of  water  has  been  allocated  to  agriculture  in  the  upper  Missouri 
River  area.  Estimates  of  present  use  are  only  about  .1  million  acre  ft/ 
year.  K is  proposed  that  1 million  acre  ft/year  could  be  reallocated  to 
coal  gasification  without  impeding  agricultural  growth  in  the  forseeable 
future. 

A number  of  alternate  problems  exist  which  are  generally  associated 
with  industrial  growth.  These  involve  changes  in  the  structure  of  society 
as  the  population  changes  from  rural  to  urban.  These  include  weakened 
community  ties,  growth  of  crime,  drug  misuse  and  numerous  other  social 
disorders.  The  environment  will  almost  be  degraded  to  some  degree. 

Mining  operations' will  add  diist  to  the  air.  Burning  coal  will  increase 
SO2  and  other  combustion  products.  Visually,  homes,  -Factories  and  shopping 
centers  will  replace  open  range  and  clean  skies. 
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It  is  difficult  to  determine  what  the  final  outcome  of  present  delib- 
erations will  be.  Coal  gasification  now  appears  economically  and  technically 
feasible  and  few  alternatives  exist.  Moreover  improved  and  less  expensive 
processes  are  currently  under  development.  The  number  of  people  who  poten- 
tially benefit  from  such  action  greatly  outnumber  those  who  are  directly 
adversely  effected.  These  considerations  make  future  development  appear 
almost  certain.  Yet  those  in  opposition  have  so  far  been  quite  effective 
in  delaying  present  development  through  various  legal  procedures.  In  the 
long  run  they  can  hope  that  technology  can  produce  viable  alternatives  and 
that  the  pressures  will  abate. 


D.4.5,2  IN  SITU  OIL  SHALE 

Three  methods  of  in  situ  recovery  of  oil  from  shale  have  been  investigated 
in  substantial  detail:  the  in  situ  process  developed  by  the  Bureau  of  Mines, 

the  modified  in  situ  described  by  TRW  systems,  and  an  alternative  process  under 
study  by  Occidental  Oil  Shale  Corp.  Insufficient  information  for  an  evaluation 
of  the  Occidental  process  is  available.  But  some  tough  conjectures  can  be 
made  CBortell-75-l],  [Ridley-75],  [Bortel 1-75-2]: 

The  process  requires  no  external  water  sources  (except  for  re- 
vegitation  and  urban  use). 

The  process  will  require  about  half  the  manpower  as  surface  retorting 
methods . 

Unlike  TRW  Systems  design,  the  process  does  not  retort  any  shale 
above  ground. 

Because  of  the  miltiple  resources  In  the  upper  Colorado  Basin  area  (coal 
and  shale),  there  is  a likelihood  that  conflicts  between  the  two  for  manpower 
and  water  will  arise.  Substantial  material  and  mining  equipment  will  be  needed 
for  extensive  development  of  in  situ  shale. 


D.4.5.3  IMPROVED  RECOVERY  TECHNIQUES  FOR  OIL  AND  GAS 

This  action  is  a conservation  measure  in  the  simole  sense  that 
it  increases  the  efficiency  of  utilization  of  a resource  by  extracting 
a larger  percentage  from  known  deoosits.  Next  to- management  of  the 
well  itself,  management  of  the  reservoir  is  the  key  to  profitable  production 
with  a long  producing  life.  Aside  from  the  logic  of  recovering  as  much 
oil  as  possible  from  known  deposits  to  reduce  the  exploration  risks  and 
first  costs,  enhanced  recovery  Impacts  directly  on  any  policy  of  finding 
substitutes  for  imported  petroleum.  Enhanced  recovery  by  extending 
the  producing  life  of  domestic  supplies  does  the  following: 

Enhanced  recovery  of  oil  and  gas  is  a partial  substitute  for  imports 
(shale  oil,  coal  oil  and  gas,  and  exotic  portable  fuels  or  hydrogen  genera- 
tion). There  is  some  potential  for  tapping  resources  such  as  heavy  crudes 
and  tar  sands  which  might  otherwise  remain  unused.  Tertiary  methods  such 
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as  J n - s i tu ■ combu s t1  o n would  traVisfer  techhdlogy  to  .other*^‘ext-»5ae1jiton-'‘»foceS5?5- 
'sucTTas  shale  oil.  The  techfi'ology  and -know- ho v/  Would  .also  gi3fiat.>val He 

for  export  or  for  assistance  programs  tO  developing  nations fflytronmental  and 
social  impacts  per  unit  of  energy  are  generally  small*  with  enhanced’ re'GOvery 
methods . 

In  this  discussion  all  the  statistics  will  be  based  on  [PI-74-2]. 

The  gains  in  enhanced  recovery  methods  will  come  from  oil  reservoirs, 
heavy  crude  reservoirs,  and  tar  sands.  Present  technology  of  a pre- 
embargo vintage  recovers  an  average  of  31%' of  the  oil  in  the  reservoir. 

The  recovery  is  estimated  to  rise  to  39%  under  the  assumption  of 

S7/bbl  oil.  Recovery  may  exceed  50%  in  some  fields  with  prices  -at  $TVbb1. 

The  model  parameters  for  a typical  reservoir  will  -give  a. simple  pictii^b  ©T 
the  effect  of  advanced  recovery  on  -well  life.  The  primary" 
is  taken  as  5 years  and  the -sefiahdary  and  -tertiary-  ^iye's^.^s^i5^4a^|3^?^ 
respectively,  at  much  reduced  .production  levels.  .•‘T[ie--impHc'Miea'~5^^TO 
wells  are  on  secondary  recovery.  In  tbe...area  of 'Stable.-oiT' 
incentives  for  advanced  recovery  were  weak  and  the'  techridloi^'-wai-’-nbt  ’yery 
advanced,  massive  shut-ins  of  wells  occurred.  There  is  'limited  potential 
for  reopening  wells  once  shut-in. 

The  overall  potential  for  secondary  and  tertiary  recovery  techniques 
is  large.  As  a percentage  of  oil  already  produced  plus  an  addition  to 
new  production,  enhanced  recovery  is  large  both  in  total  (as  much  as 
a 30%  addition  to  the  recoverable  fraction)  and  large  in  near  term  impact  (as 
much  as  20%  of  domestic  production  by  the  1980's).  This  oil  produced  by 
enhanced  recovery  constitutes  a contribution  to  saving  fuels  needed  to  ride 
out  the  transition  to  others  with  larger  resource  base  or  to  intermediates 
requiring  development. 

The  status  of  enhanced  recovery  technology  is  good  and  improving. 

There  are  a pool  of  trained  personnel  and  a well  developed  industry  and 
supplier  chain.  The  training  and  education  programs  exist  for  expanding 
the  manpower  base.  It  has  been  proposed  in  the  Department  of  Interior's 
5-year  R & D Programs  (June,  74)  that  $300  million  be  spent  on  enhanced 
recovery  research  and  development.  A further  amount  has  been  allocated  for 
other  programs  such  as  heavy  crudes  and  tar  sands. 

The  technology  of  secondary  recovery  is  basically  water  flooding 
(90%)  and  other  injection  schemes  (10%).  Tertiary  recovery  involves 
more  elaborate  flooding  programs  using  more  expensive  media  or  more 
comolex  cycles  of  operation.  It  also  includes  combined  mechanical 
(explosive  or  hydraulic)  working  with  chemical  or  thermal  stimulation. 

The  principle  reouirements  of  enhanced  recovery  are  an  attractive 
threshold  price  and  the  requisite  investment.  The  threshold  price 
can  be  estimated  from  additional  investment  per  barrel  of  added  reserves. 

The  estimated  secondary  recovery  investment  today  ranges  from  $0.32  in  the 
Gulf  to  $0.96  in  Alaska  per  barrel  added.  Tertiary  investment  Is  estimated 
to  range  from  $0.80  to  $1.68  in  the  different  oil  regions.  Enhanced 
recovery  costs  are  projected  to  double  or  more  by  1988.  [PI-74-2, 111-22] 
Present  Congressional  thinking  would  allow  for  some  fraction  of  old  oil 
to  be  sold  at  a ceiling  price  of  $7.50  relative  to  the  $5.25  ceiling  and 
bona  fide  tertiary  recovery  projects  to  have  a $8.50  ceiling.  This  pricing 
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Structure  proposal  is  discussed  more  fully  in  Chapter  9.  There  is  the  intent 
to  eventually  erase  the  price  differential  on  domestic  oil  except  for  OCS  and 
Alaska. 

The  material  requirements  specific  to  enhanced  recovery  are  minor.  In 
general  they  represent  the  same  distribution  of  materials  as  Drimary  production 
Sheer  size  of  the  requirements  is  not  a deterrent  to  the  programs  visualized 
in  Project  Independence.  Water  use  is  very  small  compared  to  the  consumption 
in  processing  fuels.  Also  the  water  or  fluid  drive  is  usually  made  up  of 
whatever  is  on  hand:  brine,  C02  and  some  natural  gas  liquids.  Tertiary 
recovery  will  require  specialized  chemicals.  The  demand  for  these  and  other 
supporting  goods  and  services  will  expand  the  infrastructure  of  well  service 
companies  and'  create  some  new  opportunities.  There  is  also  a large  material 
recycle  program  inherent  in  enhanced  recovery  work.  These  old  wells  supply 
a good  fraction  of  the  pipe  and  equipment  needed  to  implement  advanced  recovery 

The  impact  picture  for  enhanced  recovery  is  in  general  favorable, 
especially  for  secondary  projects.  Tertiary  recovery,  particularly 
unproven  methods  such  as  in  situ  or  microbiological  methods,  lack  .either 
history  or  assessment  of  impacts.  Prolonging  the  life  of  a production 
site  contributes  a proportionate  environmental  load  each  year,  but,  to 
counter  this,  it  reduced  the  expansion  of  oil  production  into  new 
territories.  The  initial  drilling  and  production  periods  have  greater 
environmental  impacts  than  the  long  term  stable  operation  phase.  Initiating 
new  recovery  methods  introduces  a transient  load  on  the  environment.  Insofar 
as  enhanced  recovery  substitutes  for  other  intermediate  fuel  forms,  such  as 
shale  oil  and  coal  conversion,  it  should  be  credited  with  large  net  savings 
in  environmental  impacts.  Since  enhanced  recovery  potential  is  still  small 
compared  to  our  long  term  fuel  needs,  the  impact  of  these  other  energy  con- 
versions is  delayed,  not  prevented.  The  economic  life  of  communities  and 
fiPms  tied  to  old  oil  fields  will  be  prolonged. 

The  actions  discussed  above  leave  out  one  important  alternative  — 
nuclear  stimulation  of  gas.  The  recent  experience  with  this  method  has  not 
been  encouraging.  Real  problems  exist  with  yield,  seismic  hazards,  entrained 
radioactive  materials,  cost  and  net  energy  return.  Opposition  is  growing  to 
the  point  of  passing  state  laws  forbidding  nuclear  explosions. 


D.4.5.4  IMPLEMENTING  OF  LIQUID  NATURAL  GAS 

Goal:  In  Chapter  4,  section  4.5.2  the  implementation  of  LNG  as  a 

source  of  energy  was  recommended  as  a means  of  solving  some  high-demand 
problems,  by  supplementing  domestic  natural  gas  supplies,,  and  to  provide 
gas  during  periods  of  base-load  use.  In  this  section,  the  technology, 
costs,  potential,  and  impacts  of  implementing  this  action  are  examined. 


Background  and  Requirements 

One  of  the  problems  with  NG  is  that  it  occupies  a comparatively 
large  volume  per  unit  of  heating  value  compared  to  solid  or  liquid  fuels. 
Thus,  it  cannot  be  transported  economically  except  in  pipelines,  and  it 
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is  difficult  to  store  at  the  sites  where  it  will  be  used.  Converting 
gas  into  liquid  helps  overcoming  these  problems;  this  change  results 
when  the  gas  is  cooled  to  -259°F  or  (-161°C)  and  the  resulting  600:1 
reduction  in  volume  is  outstanding.  The  LNG  technology  originated 
some  30  years  ago  and  was  applied  initially  to  provide  gas  during  periods 
of  high  demand.  While  the  use  of  NG  by  industry  is  quite  steady  year- 
round,  the  demand  for  heating  gas  in  the  residential  and  commercial 
areas  increases  during  the  winter.  When  the  demand  for  NG'  exceeds  the 
pipeline  capacities,  the  previously  formed  and  stored  LNG  is  regasified 
and  used  to  augment  the  NG  arriving  by  the  pipeline.  Most  LNG  used 
during  peak  demand  periods  is  produced  domestically.  On  the  other  hand, 
foreign  LNG  was  first  imported  during  68-69  by  Boston  Gas  Co.  from  Algeria. 

As  stated  earlier,  using  LNG  helps  in  solving  high-demand  problems  and 
can  be  used  to  provide  gas  during  periods  of  base-load  use.  The  potential 
of  LNG  world  market  lies  in  the  fact  that  some  oil-producing  countries 
do  not  have  much  local  demand  for  NG  that  is  produced  along  with  oil, 
and  also  have  no  large  markets  accessible  by  pipeline.  Converting  NG 
to  LNG,  shipping  it  by  tanker  to  a consumer  area  where  it  is  regasified, 
and  delivered  by  pipeline  to  consumer  represents  an  excellent  solution. 
Although  domestic  movement  of  LNG  is  not  large,  importation  such  as  from 
Algeria,  Libya,  Siberia,  and  Alaska  by  LNG  tankers  may  become  significant. 
As  an  example  of  the  approved  projects  for  LNG  importation  to  the  U.  S. 
is  the  plan  to  import  an  equivalent  of  one  billion  cubic  feet  of  NG/day 
from  Algeria  where  full  production  is  expected  by  June,  1977^.-  The  following 
data  is  selected  from  the  U.  S.  Senate  Subcommittee  Hearing'on  May  1,  1973, 
page  481,  and  it  illustrates  the  contribution  in  trillions  of  cubic  feet 
of  LNG  imports  to  total  U.  S.  natural  gas  supply. 


1975 

1980 

1985 

Total  NG  Supply 

24.2 

26.9 

29.5 

Estimated  LNG  Imports 

0.2 

0.9 

1.6 

LNG  as  % of  Total 

0.81 

3.31 

5.41 

The  technology  of  importing  LNG  requires: 

gas  liquefaction  facilities  to  be  constructed  in  the  exporting 
countries, 

heavily  insulated  cryogenic  tanker  for  transoceanic  shipment 
to  be  provided,  and 

regasification  and  storage  facilities  to  be  constructed  in 
the  importing  country. 


The  Qosts  of  LNG  importation  are  relatively  high,  for  example,  the 
prO^j'ect,  With' Algeria  mentioned  above  requires  a total  investment  of  about 
$1.7  billion.  The  breakdown  of  the  cost  is  as  follows: 


liquefaction  facilities 

cryogenic  tankers  ($80-90  million  each) 

regasification  facilities 

Tankers  will  be  over  900  feet  long  and  have  a 
cubic  meters. 


$ 350  million 
1150  million 
200  million 
capacity  of  125,000 


LNG  Ocean  Tankers 


Table  D.4.5-4  summarizes  the  LNG  ship  construction  potential  and  ship 
requirements.  This  Table  indicates  that  the  U.  S.  has  the  potential  to 
build  72  LNG  tankers  between  1977  and  1985.  Table  D.4.5-5-  shows  a require- 
ment potential  of  137  U.  S.  vessels  between  1977  and  1985,  or  almost  twice 
as  many  as  can  be  produced  here.  [Pastuhov-74]  However,  the  two  Russian 
projects  along  represent  45%  of  the  U.  S.  total  requirement.  The  U.  S. 
shipyard  industry  consequently  faces  two  major  unknowns  in  gearing  its 
production  capacity— the  actions  of  the  Federal  Power  Commission  and  the 
political  uncertainties  of  the  1981-1985  period,'  which  requires  an  esti- 
mated 75  ships  compared  to  62  in  the  1977-1980  period.  Obviously,  the  LNG 
tanker  business  must  be  considered  simultaneously  with  the  petroleum 
crude  oil  carriers  but,  there  again,  the  shipyards  face  another  unknown  - 
Congress  -r-  which  may  or  may  not  pass  a minimum  U.  S.  shipping  law  for 
oil  imports. 


Impacts 

A crucial  issue  arising  from  future  LNG  imports  is  the  same  as  with 
oil  — the  foreign  policy  benefits  or  dangers  growing  from  the  transaction. 
In  some  cases,  the  government  may  v/ish  to  approve  a transaction  even 
though  the  Federal  Power  Commission  (FPC)  believes  the  price  is  too  high. 
The  decision  whether  to  turn  down  such  a transaction,  which  may  be  part 
of  an  overal 1- settlement  of  the  cold  war  with  the  Soviet  Union,  should 
be  made  by  the -President  and  not  determined  by  the  FPC. 

As  imports  of  LNG  become  a significant  element  of  energy  supply, 
a new  government  intervention  enters  the  picture.  LNG  imports  are  being 
heavily  subsidized  by  the  federal  government.  The  government  pays  about 
half  -the  cost  of  the  LNG  tankers  built  in  the  U.  S.  and  through  the  Export- 
Import  Bank  the  American  taxpayer  is  assisting  in  the  financing  of 
liquefaction,  plants  built  abroad. 
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TABLE  D.4.B-^.  LHG  SHIP  COHSTRUCTION  PDTEHTIAL 


A.  Total  Worldwide  Shipyard  Capability  (120,000  tn^  min.  capacity). 


Shipyards  Construction  berths 


u.  s 

6 

14 

Western  Europe 

37 

41 

Japan 

9 

24 

~W~ 

1? 

f 

B.  Potential  for  LNG  Construction 

Shipyards 


Berths 


Ships/Year 


U.  S. 

Western  Europe 
Japan 


3 
12 

4 

~1T~ 


8 

12 

8 

“25~ 


C.  Potential  number  of  LNG  Ships  Delivered; 

1977-1980  1981-1985  Total 


U.  S. 

32 

40 

72 

Western  Europe 

48 

60 

108 

Japan 

32 

40 

72 

TT2~ 

W“ 

“HT~ 

TABLE  D.4.5-5.  LNG  REQUIREMENT  POTENTIAL 

teBME  PAGE  Is  

Number  of  Ships 


Imports 

1977-80 

T9FTH5“ 

Total 

A. 

To  the  U.  S. 

Alegeria 

6 

13 

19 

Nigeria 

14 

14 

28 

S.  America  & Alaska 

11 

n 

Pacific/West  U,  S. 

17 

17 

■USSR/East  U.  5. 

20 

20 

• 40 

OSSR/West  U.  S. 

11 

11 

22 

li'2 

75 

137“ 

B. 

To  Western  Europe 

10 

10 

20 

C. 

To  Japan 

25 

25 

50 

Total  Ship  Requirement 

97 

no 

207 
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With  LNG  being  a mixture  of  methane,  heavier  hydro-carbons,  nitrogen 
and  some  lighter  gases,  the  composition  of  the  liquid  can  be  substantially 
different  depending  on  the  source,  time  in  transit,  and  time  in  storage. 

The  effect  of  weathering  is  important  to  more  accurately  predict  LNG 
properties  such  as  density,  composition,  and  heating  value. 

Long-term  operating  experience,  an  important  factor  in  any  shipowner's 
mind,  is  still  an  extremely  rare  commodity  in  the  LNG  business. 

LNG  ship  prices  will  not  be  reduced  below  their  present  levels  and, 
in  fact,  will  probably  continue  to  rise.  This  means  that  transportation 
costs  in  any  LNG  scheme  will  continue  to  account  for  a very  large  share 
of  the  total  price  of  delivered  gas;  as  high  as  50?$  or  more.  It  is  highly 
significant  to  note  that  ship  capital  costs  account  for  about  80%  of  total 
charter  hire  costs.  Shipbuilding  prices  are  all-important  in  any  LNG  import 
scheme,  and  in  some  cases  will  be  determining. 

The  high  costs  of  LNG  importation  makes  it  necessary  that  long  term 
contracts  be  established  between  importers  and  suppliers.  This  has  some 
security  implications  in  the  sense  that  the  small  number  of  facilities  makes 
it  much  easier  for  production  to  be  interrupted  than  is  true  for  crude 
petroleum  production  and  export. 

The  major  environmental  concerns  are  the  human  health  and  safety 
impacts  of  any  accidental  spill  or  fire  associated  with  transporting  huge 
amounts  of  LNG. 

In  summary,  against  the  above  mentioned  disadvantages,  LNG  has 
several  advantages  and  a number  of  its  properties  make  its  use  attractive. 

It  has  an  octane  rating  well  above  100  without  the  addition  of  antiknock 
additives,  it  is  clean  burning  and  produces  minimal  air  pollution,  its 
specific. energy  per  pound  is  .15%  greater  than  gasolines,  and  it  can  be 
used  as  an  engine  coolant  before  it  is  burned  as  a fuel. 


D. 4.5.5  DEREGULATE  NATURAL  GAS  PRICES 

As  mentioned  in  Chapter  4,  Section  4.5.  , the  American  Gas  Association  has 
developed  an  elaborate  computer  simulation  model  called  TERA  (Total  Energy 
Resource  Analysis).  Table  D. 4. 5. 5-1  summarizes  the  results  on  one  simulation 
that  assumed: 

New  natural  gas  prices,  are  deregulated  in  1975, 

Old  gas  prices  would  follow  current  contractual  agreements. 

As  a result  of  deregulation,  gas  prices  jump  this  year  and  rise 
thereafter  with  th.e  5;5%  inflation  rate. 

It  is  obvious  that  $ll/bbl . oil  evokes  more  gas  production  response  as 
well  as  higher  gas  prices.  Supplemental  sources  (such  as  imports  and  syngas) 
which  are  used  to  cover  demand  shortages  are  less  important  under  the  $11  oil 
prices.  With  reference  to  residential  space  heating,  natural  deregulated  gas 
remains  the  cheapest  per-BTU  source  of  energy.  These  results  must,  of  course, 
be  qualified  by  the  assumptions  mentioned  above.  (Of  special  Importance  are 


TABLE  D. 4. 5.5-1  NATURAL  SAS  PROJECTIONS  [AGA-75] 


1975  1980  1985 


Prices  of 
New  Gas 
($/Mcf) 

a 

1.28 

1.67 

2.08 

b 

1.96 

2.56 

3.19 

National 
Average 
Pri  ce 
($/Mcf) 

a 

.44 

1.03 

1.72 

b 

.55 

1.56 

2.66 

Total 

Production 

(Tcf) 

a 

21.4 

22.1 

23.9 

b 

21.4 

23.3 

25.9 

Total 

Marketed  ^ 
(Tcf) 

a 

18.1 

21.8 

27.6 

b 

18.3 

22.7 

29.2 

Demand 

Shortage 

(Tcf) 

a 

1.4 

4.4 

8.8 

b 

N 

1.6 

4.0 

1.8 

Comparison  for 
Space'  Heating: 
National  Average 
Price  ($/MMBTU) 

Gas 

a 

1.63 

2.63 

3.60 

b 

1.73 

a.  04 

4.30 

#2  Oil 

2.71 

3.61 

4.84 

Electricity' 

6.63 

8.43 

10.82  ' 

a.  BTU  equivalent  to  $7.50/bbl.  oil. 

b.  BTU  equivalent  to  $ll/bbl.  oil. 

c.  The  jjifference  between  total  production  and  total  marketed  is  that  all  process  losses  are 
subtracted  and  all  imports  and  syngas  added  to  the  latter. 
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the  one-shot  jump  in  natural  gas  prices,  and,  after  that  .jump,  -the  constant 
■relative  prices  (i.e.,  they  all  go  up  at  5.5%  per  year)  of  gas,  oil  and 
electricity  to  1985.)  A more  careful  scrutiny  of  the  AGA  model  could  not 
have  been  undertaken  due  to  time  constraints. 

Although  calculated  under  different  sets  of  assumptions,  the  long-run 
cross-price  elasticities  (cf.  Section  1,2.1  of  Chapter  1)  of  coal,  gas  and 
oil  as  calculated  in  Project  Independence  [PI-74, All, 60]  are  positive.  This 
means  that  in  most  uses  the  three  are  substitutes.  The  same  holds  true  for 
electricity  as  it  relates  to  gas  and  oil. 

Figures  1.2. 1-1  and  1.2. 1-2  in  Chapter  1 show  schematic  diagrams  of  consumer 
and  producer  acnvity  respectively.  They  combine  energy  resources  with 
material  goods  and  services  to  generate  their  desired  outputs.  The  producer 
activity  diagram  may  also  depict  energy  producers  themselves.  This  gives  us 
the  -key  to  both  the  supply  and  demand  -forces  that,  under  government  regulation, 
determine  market  prices. 

In  a true  ^interactive  model,  as  the  price  of  natural  gas  goes  up,  the 

demand  for  it  will  go  down.  The  demand  for  coal  and  oil  would  initially 
increase  if  their  prices  have  not  immediately  changed.  As  a result  of 
increases  in  demand,  the  prices  of  coal  and  oil  are  expected  to  increase. 

As  natural  gas  prices  increase,  supply  will  go  up.  In  conjunction  with 
increases  in  oil  prices,  exploration  and  production  of  oil  and  associated  gas, 
as  well  as  non-associated  gas,  will  increase.  In  response  to  higher  coal  prices, 
coal  supplies  will  increase.  The  technological  and  economic  feasibility  of 
these  supply  increases  are  discussed  elsewhere  in  this  report. 

In  a dynamic-interactive  model,  the  activities  of  the  preceding  period 
have  important  influence  on  the  current  one.  Hence,  depending  on  the 
RELATIVE  prices  of  coal,  gas,  and  oil,  consumers  and  producers  will  substitute 
energy  sources.  As  noted  elsewhere,  these  substitutions  involve  varying 
degrees  of  back-up  technologies.  Since  it  cannot  compete  with  the  more 
sophisticated  computer  models  of  other  studies  such  as  Project  Independence 
(even  they  admitted  to  the  shortcomings  of  partial  analysis),  this  report  will 
contain  no  projections  on  substitutions  by  the  various  economic  agents. 
Furthermore,  the  energy  industry  group  was  not  disposed  to  juxtapose 
assumptions,  and  try  to  predict  the  uncertain  future. 

The  economic  impacts  of  deregulation  beyond  those  related  to  other  energy 
sources  will  most  likely  be: 

Energy  price  increases  may  directly  and  indirectly  erode 
purchasing  power. 

Domestic  inflation  may  cause  American  goods  to  be  less  attractive 
on  world  markets. 

There  may  be  less  reliance  on  OPEC  oil. 

Alternative  (diversified)  sources  may  become  more  attractive  as 
fossil -fuel  prices  rise. 

Employment  patterns  will  most  likely  shift. 
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Purchasing  power  is  increased  directly  by  the  fuel,  price  increases  and 
indirectly  in  those  industries  that  use  these  energy  resources  as  intermediate 
inputs.^  The  poor  bear  a heavy  burden  during  periods  of  real  income  erosion. 

If  American  inflation  (including  that  induced  by  energy  price  increases)  is 
greater  than  that  of  other  countries,  U.S.  goods  will  be  relatively  more 
expensive.  Our  balance-of-trade  may  be  affected  in  a negative  direction.  The 
reverse  effect  would  be  the  result  of  a decreased  dependence  on  the  currently 
high-priced  Arab  oil. 

Alternative  sources  (for  example,  oil  shale,  syngas,  synoil,  solar,  wind, 
geothermal)  may  become  more  attractive  as  the  BTU-equivalent  prices  approach 
or  even  slip  below  the  analogous  prices  of  the  fossil  fuels. 

If  accelerated  development  takes  place  in  fossil  fuel  industries,  the 
demand  for  engineers  and  other  manpower  will  obviously  increase.  Coal  and 
uranium  mining  areas  will  be  attracting  workers  from  other  areas  and  occupa- 
tions. High  gasoline  prices  may  have  detrimental  effects  on  the  auto 
industry,  causing  more  unemployment  there.  Airlines  may  experience  the  same 
phenomenon. 

It  is  difficult  to  speak  of  a manpower  shortage  during  times  of  high 
unemployment,  except  possibly  the  higher  skill  levels. 

The  environmental  impacts  are  J;hose  associated  with  the  increased 
exploration,  production,  transp()rtaTion,  processing,  conversion,  distribution, 
and  end-use  consumption  of  fossi-1  fuels. 

The  political  and  social  Impacts  are  more  difficult  to  assess.  International 
politics  may  change  if  the  U.  S.  decreases  its  reliance  on  foreign  energy 
sources.  Occupational  and  geographical  shifts  and  of  decreasing  purchasing 
power  in  the  presence  of  probable  increases  in  energy  industry  profits  may  have 
severe  social  impacts.  The  interaction  of  big  energy  concerns  with  government 
in  terms  of  influence  on  each  other  may  have  important  political  consequences. 
Along  with  electric  utilities,  big  fossil  fuel  companies  v/ill  probably  induce 
a strong  central  government  to  deal  with  them.  The  implications  of  the  latter 
are  far-reaching  and  basically  beyond  the  competence  of  this  group  to  determine. 

Deregulation  of  natural  gas  prices  (or  gradual  increases  in  the  inter- 
state price  ceilings)  may  occur  in  the  near  future.  By  causing  energy  prices 
to  rise,  it  most  likely  will  reduce  their  consumption.  Higher  relative  prices 
may  also  induce  substitution  for  scarce  fuels.  Coal  itself  and  electricity 
from  coal  and  nuclear  fuels  may  replace  oil  and  natural  gas.  Higher  prices 
may  finally  cause  consumers  and  producers  to  employ  more  efficient  energy- 
using systems. 

These  conservation  gains,  as  well  as  other  good  aspects  of  deregulation, 
must  be  weighed  against  the  negative  effects  of  higher  prices.  One  might 
predict  that  high  domestic  prices  of  oil  may  lead  to  a policy  of  "drain 
America  first-ism".  This  secondary  impact  of  gas  deregulation  must  also  be 
considered  before  the  final  decision  on  it  is  made.  At  the  present  time,  the 
U.  S.  Congress  has  been  largely  against  the  higher  prices  concomitant  with 
deregulation.  The  Ford  Administration  favors  the  implications  of  conserva- 
tion in  deregulation.  The  debate  is  a heated  one. 


APPENDIX  E.  CONSERVATION  AND  THE  INDUSTRY  SECTOR 


The  industry  task  group  has  prepared  a detailed  background  for  chapter 
5 which  is  presented  in  Appendix  E.  It  is  intended  to  present  the  detailed 
methodology  used  in  the  assessment  of  conservation  in  industry. 


E.l  INTRODUCTION 


E.1.1  SYSTEM  DIAGRAM 

The  Figure  E.l. 1-1  shows  a representative  system  diagram  for  the  purpose 
of  organizing  and  displaying  the  task  of  assessing  the  conservation 
potential  in  industry.  The^first,  second,  third  and  fourth  requirements 
are  shown  in  Figures  E.l. 1-2,  E.l. 1-3,  E.l. 1-4  and  E.l. 1-5. 

The  process  indicated  in  each  diagram  can  be  divided  into  four  phases: 
Phase  I - The  definition  of  the  objective; 

Phase  II  - The  establishment  of  requirements; 

Phase  III  - Determination  of  alternatives  to  the  requirements; 

Phase  IV  - Tradeoff  analysis  to  determine  the  final  result 


E.l. 2 CAPSULE  DESCRIPTION 


E.l. 2.1  FOOD  AND  KINDRED  PRODUCTS  {SIC  20) 

Food  and  Kindred  Products  is  an  industry  characterized  by  diversity 
among  its  subcategories'.  The  five  food  industries  (listed  below)  selected 
by  the  EEA  study,  which  was  based  on. a study  performed  by  the  Conference 
Board  for  the  Ford  Foundation's  Energy  Policy  Project,  accounted  for  about 
30%  of  the  energy  consumed  by  the  entire  food  industry 

Meat  Packing 

Output  is  expected  to  grow  by  3.0%  over  the  period  1975  to  1990. 
Energy  consumption  per  unit  of  output  will  decrease  at  a rate  of  about 
18%  per  year.  Based  on  these  projections  net  total  energy  consumption 
in  meat  packing  will  increase  by  roughly  2.8%  per  year.  lEEA-74,  7-6j 


CONTROLS 
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FIGURE  £.1.1-2.  SUB-SUB-SYSTEM  OF  REQUIREMENT  1 


FIGURE  E.1.1-3.  SUB-SUB-SYSTEM  OF  REQUIREMENT 2 
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FIGURE  E.1.1-4.  SUB-SUB-SYSTEM  STUDY  OF  REQUIREMENTS 
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FIGURE  E.1.1-5.  SUB-SUB-SYSTEM  OF  REQUIREMENT4 
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Fluid  Milk 


Economies  of  scale  associated  with  'larger  plants  have  resulted  in 
the  reduction  of  the  number  of  fluid  milk  establishments  by  almost  one,- 
third  with  an  accompanying  reduction  in  energy  requirements  per  unit  of 
output . 

A large  drop  in  energy  consumption  per  unit  of  output  between  1954  and 
1958  was  the  result  of  the  switch  from  transport  by  cars  to  tanker  trucks. 


Canned  Fruit  and  Vegetables 

The  projected  growth  rate  is  about  U/year.  The  energy  input/output 
ratio  is  expected  to  remain  constant  after  1980. 


Frozen  Fruits  and  Vegetables 

Both  production  growth  rates  and  energy  consumption  have  been  rising 
rapidly.  The  projected  growth  rates  to  1990  is  7.0%  per  year.  [EEA-74,  7-12] 


Bread  and  Other  Bakery  Products 

Since  1954,  the  energy/output  ratio  has  decreased  steadily  which  is 
partly  the  result  of  a trend  to  softer  breads  and  continuous  baking  processes 
and  of  major  process  innovations.  From  1954  to  1967  the  energy/output  ratio 
dropped  at  a rate  of  2.5%/year.  [EEA-74,  7-15]  The  projected  growth  rate 

of  energy  consumption  is  3.1%  per  year  between  1975  and  1990,  [EEA-74,  7-16] 


E.1.2.2  PAPER  INDUSTRY  (.SIC  26) 

Paper  and  paperboard  are  manufactured  in  two  distinct  steps:  pro- 

duction of  pulp,  which  is  essentially  a chemical  process,  and  refining 
of  pulp  into  paper  or  paperboard,  which  is  essentially  a mechanical 
process . 

Some  85%  of  all  pulping  is  done  by  chemical  or  semi  chemical  means, 
and  of  the  chemical  processes,  the  alkaline  sulphate  or  kraft  process  is 
themost  commonly  used  and  the  most  rapidly  growing.  Pulp  is  then 
refined  into  paper -or  paperboard  to  generate  opacity  and  to  improve 
strength  and  feel . 

The  pulp  and  paper  industry  generates  two  by-products  that  are  used 
as  fuel  for  the  production  of  steam:  bark  and  black  liquor.  Bark  must 

be  removed  from  the  logs  because  of  its  low  fiber  value,  and  it  is 
usually  burned  in  bark  boilers.  Black  liquor  is  the  spent  cooking  liquor 
from  the  digester,  a solution  of  inorganic  chemicals  (essentially 
sodium  sulfide  and  caustic  soda)  and  organic  matter  (lignin).  The  chemicals 
are  recovered  by  evaporation,  and  the  organic  matter  is  burned  in  the 
recovery  furnace  producing  thereby  a substantial  share  of  the  mill's 
steam  requirements. 
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E.1.2.3  CHEMICAL  AND  ALLIED  PRODUCTS  INDUSTRY  (SIC  28) 

The  Chemical  and  All Ted’Products'  Industry  produce  over  900  different 
chemical  products  including  basic  organic  chemicals  and  synthetic  organic 
intermediates.  One  measure  of  the  chemical  industryis  that  it  furnishes 
many  other  industries  with  essential  materials,  basic  inorganics  and  many 
finished  products.  The  output  of  the  chemical  industry  has  been  increasing 
rapidly;  historical  trends  predict  an  increase  in  production  index  of 
450%  over  the  period  of  time  from  1972  to  '2000.  Another  measure  of  the 
importance  of  the  chemical  industry  is  that  is  was  estimated  to  run  a 5 
billion  dollar  favorable  balance  of  trade  in  1974.  [10-75,90]  Demand 

for  chemical  products  is  expected  to  remain  strong.  Dollar  sales  of 
chemical  products  are  anticipated  to  increase  more  than  67%  between  1974 
and  1980  ($11.9  billion  to  20  billion). 


E.1.2.4  PETROLEUM  INDUSTRY  (SIC  29) 

The  petroleum  industry  is  a highly  complex  multi -product  industry 
employing  numerous  processes  in -series  to  convert  crude  oil  into  refined 
products. 

A generalized  description  of  an  overall  refinery  is  shown  in  Figure  E. 1.2-1. 
Over  the  past  30  years,  the  refining  industry  has  undergone  rapid  growth 
and  significant  technological  change.  The  changes  in  technology  have 
been  aimed  at  increasing  the  yield  of  light  petroleum  products  and 
improving  product  quality. 

The  rise  in  the  domestic  production  of  gasoline  and  distillate  fuel 
oil  at  the  expense  of  residual  fuel  led  to  the  development  of  processes 
to  convert  heavy  fractions  into  lighter  products.  These  processes  include 
thermal  cracking  and  coking  followed  by  catalytic  cracking  and  hydro- 
cracking. A typical  refinery  uses  eight  processes  described  in  some 
detail  by  EEA  [EEA-74]:  crude  distillation,  vacuum  distillation,  coking, 

fluid  catalytic  cracking,  catalytic  reforming,  alkylation,  and  naphtha 
and  distillate  hydrotreating. 

Capacity  and  output  of  oil  refineries  has  continued  to  grow  despite 
a decrease  in  the  total  number  of  refineries  in  operation  (see  Table  E. 1.2-1) 

In  1960,  290  refineries  were  needed  to  produce  3,119  million  barrels  of 
oil."  Thirteen  years  later  (1973),  253  refineries  processed  4,726  million 
barrels  [P.I.T.F.R.L.-74,  82].  This  significant  increase  in  output  with 
fewer  refineries  is  largely  the  result  of  improved  refining  technology 
and  larger  and  more  highly  automated  facilities. 


E'.1.2.5  STONE,  CLAY,  GLASS  (SIC  32) 

Hydraulic  cement  and  glass  containers  are  the  major  energy 
consumers  in  SIC  32. 
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FIGURE  E.l.‘2-1.  GENERALIZED  OVERALL  REFINERY  FROM  CRUDE  OIL  TO  SALABLE  PRODUCTS 
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TABLE  E. 1.2-1. 

EMPLOYMENT  AND  OUTPUT  OF  PETROLEUM  REFTNERIES,  1960,  1965,  AND  1968-73  [P.I.T.F.R.L.-74,  83] 


YEAR 

MANPOWER 

PRODUCTION 

Percent 
Change  in 
Refinery 
Capacity 

Number 

of 

Refineries 

Output  per 
All  Employee 
Kan-hour 
..  _fJL967>100l 

Employment 

Percent  Change^/ 

Output 

Percent  change^ 

(OOO's) 

■(millons  of  barrels) 

1960 

177.2 

-2.3 

3119 

1.6 

1.0 

290 

62,7 

1965 

148.1 

-1.0 

3527 

2.6 

1.0 

273 

90.5 

1968 

150.1 

1.5 

4037 

5.5 

7.3 

270 

103.0 

1969 

144.7 

-3.6 

4149 

2.0 

3.6 

264 

107.0 

1970 

153.7 

6.2 

4252 

2.4 

2.6 

262 

107.6 

1971 

152.7 

.7 

4379 

3.0 

6.5 

253 

113.2 

1972 

150.8 

-1.2 

4593 

4.9 

3.0 

250 

125.7 

1973 

147.3 

-2.3 

4726 

2.9 

3.4 

253 

137.0 

1/  From  prevLOus  year 


Soiree:  Bureau  of  Labor  Statistics  and  Bureau  of  Mines 


Hydraulic  Cement 


The  cement  industry  is  relatively  small,  but  very  energy 
intensive  and  has  great  potential  for  energy  savings.  [PCA-74] 

The  production  of  cement  involves  the  following  principal 
operations : 

Raw  materials  acquisition 
Preparation  of  raw  materials 
Clinker  production 

Grinding  and  mixing  of  product  cement 

The  acquisition  of  raw  materials  provides  lime,  silica,  and 
alumina.  The  preparation  of  raw  materials  in  the  mixing  of  the  materials 
is  either  wet  or  dry  form.  The  key  process  is  the  calcining  In  a rotary 
kiln  to  produce  clinkers.  The  final  stage  is  the  grinding  of  the  clinkers 
into  powder  and  the  introduction  of  additives.  A flow  chart  is  shown  in 
Figure  E. 1.2-2. 


Glass  Containers 


Between  1967  and  1972,  output  doubled.  The  main  reason  for  growth 
was  the  substitution  of  non-returnable  for  returnable  bottles.  Non- 
returnable  bottles  captured  over  S5%  of  the’ drink  market.  Growth  will 
slow  considerably  during  the  next  few  years  as  the  replacement  of 
returnable  bottles  with  non-returnables  reaches  completion.  [EEA-74J 

The  manufacturing  of  glass  containers  has  three  major  energy  consuming 
steps:  (1)  melting  the  raw  materials,  [2)  refining  the  molten  glass  and 

(3)  finishing.  Melting  accounts  for  roughly  75%  of  the  total  energy 
consumed,  refining  5%  and  finishing  15%.  The  remaining  5%  is  consumed 
by  auxiliary  equipment. 


E.1.2.6  PRIMARY  METALS  (SIC  33) 

On  a net  energy  consumption  basis,  primary  metals  industry  accounted 
for  approximately  28%  of  the  total  energy  consumption  within  the  industrial 
sector.  The  primary  metals  industry  is  composed  of  steel  manufacturing, 
iron  and  steel  foundaries,  smelting  and  refining  of  nonferrous  metals, 
rolling  and  drawing  and  nonferrous  foundries.  Fabrication  of  metal  pro- 
ducts is  excluded  for  this  two-digit  industry  classification.  This  study 
focuses  on  steel  and  aluminum  manufacturing  as  they  account  for  87%  of 
the  total  energy  consumption  in  primary  metals.  [EEA-74,I-67] 


FIGURE  E. 1.2-2.  SIMPLIFIED  FLOW  CHART  FOR  THE  MANUFACTURE  OF  PORTLAND  CEMENT 

[EEA-74] 
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steel 


The  production  of  steel  involves  mining,  smelting  and  refining. 

The  mining  operation  consists  of  open  pit  mining  of  the  ore  magnetite, 
hemitite,  and  limonite,  and  subsequent  benefication  and  agglomeration 
of  the  ore.  The  smelting  process  is  the  chemical  reduction  of  the  ore 
in  the  blast  furnace  to  pigiron.  An  important  part  of  the  blast  furnace 
charge  is  coke.  Coke  is  formed  by  the  retort  method  of  heating  crushed 
coal,  removing  the  volatile  products,  and  quenching  the  resultant  coke. 
The  refining  of  pigiron  into  steel  involves  the  removal  of  carbon  and 
other  impurities  by  oxidation  in  a furnace.  The  refining  process  is 
identified  by  the  type  of  furnace:  the  open  hearth  furnace,  the  basic 

oxygen  furnace,  the  electric  furnace.  The  semi  finishing  of  steel  is 
the  production  of  ingots  from  molten  steel.  An  important  ancillary 
process  in  the  refining  stage  is  the  production  of  oxygen  from  the 
oxidation  process. 


Aluminum 


The  production  of  aluminum  consists  of  mining  of  bauxite,  refining 
into  alumina  and  smelting  of  alumina  into  aluminum. 

The  mining  operation  is  the  open  pit  extraction  of  hydrated  alumina 
bauxite.  The  Bayer  process  is  used  to  refine  bauxite.  The  refinement 
is  digestion  in  caustic  soda  and  removal  of  the  insol uable  components. 
The  smelting  of  the  alumina  into  aluminum  is  a reduction  process  by 
electrolysis  --  the  Hall-Heroult  process.  Figure  E. 1.2-3  diagrams  the 
process. 


E.2  INDUSTRY  ENERGY  CONSERVATION 

E.2.1  FOOD  AND  KINDRED  PRODUCTS  (SIC-20) 

As  in  other  areas  of  the  industrial  sector,  assessment  of  energy 
conservation  in  the  agriculture  and  food  processing  area  is  difficult 
because  of  the  diversity  of  the  industry.  In  addition,  the  breakdown 
for  energy  consumption  is  difficult  because  there  is  no  consensus  of 
opinion  as  to  the  way  energy  usage  should  be  charged  to  an  industry. 

For  example,  according  to  the  National  Petroleum  Council,  agriculture 
and  food  processing  energy  usage  is  approximately  12%  of  the  total 
U.  S.  industrial  energy  consumption,  or  approximately  3.2  quads 
annually.  Energy  consumption  on  the  farm  is  about  30%  of  the  total  agri 
culture  and  food  processing  industries  usage,  or  equivalent  to  about 
1 quad  annually.  Food  processing  uses  the  remaining  2.2  ({uads. 

[NPC-75,  37]  On  the  other  hand,  the  EEA  study  assumes  that  food  and 
kindred  products  account  for  only  5%  of  the  total  manufacturing  energy 
consumption.  [EEA-74,  7-2] 


ALUMINUM  METAL 


I (g)=  electrical  energy  input,  (^  *=  fuel  input] 


FIGURE  E. 1.2-3.  BAYER-HALL  ALUMINA  TO  ALUMINUM  PROCESS 

lPrengle-75] 
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To  add  to  the  confusion  or  perhaps  enlightenment.  Dr.  Bill  Wortham 
has  assumed  that  one  should  look  at  energy  consumption  in  different  terms. 

That  is,  input/output  analysis  was  used  to  try  to  account  for  the  amount 
of  energy  used  in  producing  a particular  product.  The  input/output 
model  discussed  in  Appendix  C is  an  even  more  comprehensive  effort  to 
analyze  the  consumption  of  energy  used  in  producing  various  products 
and  services.  If  the  remaining  products  are  grouped  into  logical  consump- 
tion sets  and  if  their  energy  is  normalized  by  dividing  by  the  45.42%  of 
the  energy  used  in  their  production.  Table  E.2.1-1  shows  the  result. 

Careful  consideration  of  the  above  data  may  give  a better  understanding 
of  why  the  U.  S.  consumes  so  much  more  per  capita  than  other  nations. 
Additional  breakdown  of  the  data  showed  that  at  least  40%  of  our  food  energy 
is  invested  in  high  protein  foods.  Probably  no  other  nation  expends  this 
kind  of-  energy  in  providing  food. 

A first  cut  examination  of  this  data  suggests  that  we  as  a nation 
might  reduce  our  energy  consumption  by  either  changing  our  diets  or  becom- 
ing more  efficient  in  the  production  of  high  protein  food.  [Wortham-75] 

In  this  section  we  will  be  concerned  with  approaching  energy  consump- 
tion in  the  food  sector  in  the  traditional  way.  Food  and  Kindred 
Products  is  characterized  by  diversity  among  its  subcategories  in  terms 
of  historical  and  current  energy/output  coefficients,  current  and  projected 
growth  rates,  and  potential  energy-saving  technology.  The  industry  rn  toto 
exhibits  low  growth  rates  and  low  energy  consumption  (see  Figure  E.'2-T-lT.’ 

Fuels  are  primarily  used  for  producing  steam  and  hot  water  at  temper- 
atures below  400°F  which  is  used  in  the  various  manufacturing  processes 
and  for  providing  space  heat.  Electricity  is  used  for  driving  machinery, 
process  equipment,  and  refrigeration  equipment. 

Total  energy  per  unit  of  the^production  index  has  declined  from  9.17  x 
10^^  BTU/index  unit  to  8.61  x 10  ^ BTU/index  unit,  and  a further  decline  to 
7.85  X 10'2  BTU/index  unit  in  the  year  2000  has  been  projected.  [West-75, C-4] 

The  use  of  coal  has  declined  from  30%  to  14%  of  the  total  while  the  use 
of  gas  has  increased  from  45%  to  58%.  Purchased  electricity  has  increased 
from  8.5%  to  12.2%.  The  use  of  electricity  is  expected  to  continue  past 
trends  and  i ncrease  to  22,5%  in  the  year  2000  due  to  increased  processing 
requirements  and  some  substitution  of  electric  heating  for  fuel  heating. 

Oil  use  is  expected  to  decline  to  15%  and  coal  consumption  is  expected  to 
be  phased  out  by  T980.  Gas  consumption  was  calculated  as  the  difference 
between  total  energy  consumption  and  the  contribution  of  coal,  oil  and 
electricity. 

E-.2.2  CONSUMPTION  STATUS  PAPER 

The  Paper  and  Allied  Products  Industry  consumed  about  1.095  quads  of 
energy  in  1967  according  to  [SRI-72, 124].  This  figure  is  based  on  electricity 
at  3413  BTU/kWh.  [EEA-74,I-23]  gives  1967  energy  consumption  at  about 
2.20  quads.  [EEA-74,2-3]  gives  1971  energy  consumption  at  1.315  quads.  This 


TABLE  E.2.1-1.  CONSUMPTION  SETS 


Category 

Food  and  Beverage 

Transportation,  Products  and  Services 

Drugs  and  Servic'e 

Shelter 

Clothing 

Furniture  and  Appliances 
Religious  and  Educational 
Communications 
Other 


% of  Delivered  Energy 
32 
16 
14 
11 
9 
6 
4 
2 
6 

TW 


ENERGY  CONSUMPTION  FOR  FOOD  & KINDRED  PRODUCTS 
{DATA  FROM  EEA-74,  1-30) 


figure  E.Z-1-1. 


E-15 


comes  to  31.98  MBTU/$VA.  Of  this  1.315  quads,  1.196  quads  was  purchased  fuels 
other  than  electricity.  If  the  use  of  process  waste  is  included,  the  figure 
for  1967  usage  is  about  2.08  quads.  [PFE-74,59]  The  breakdown  of  the  energy 
use  according  to  -this  same  report  is  (million  BTU  per  ton  of  product): 


Heat 

19.5 

Electricity  (fuel  equivalent) 

5.0 

Waste 

14.5 

Total 

39.0 

different  breakdown  of  fuel  sources  from  the  same  report  is: 

Waste  products 

37% 

Purchased  fuels 

50% 

Purchased  electricity 

13%  (10,000  BTU/ kwh) 

100% 

A breakdown  of  the  end  use  of  fuel 

by  form  and  process  is  [PFE-74,61]: 

Pulping  (Steam) 

58% 

Paper  Making  (Steam) 

17% 

Pulping  (Electricity) 

20% 

Paper  Making  (Electricity) 

5% 

100% 


E.2.3  CHEMICAL  INDUSTRY  CONSUMPTION  STATUS 

The  historic  energy  consumption  pattern  of  the  chemical  industry  is 
given  in  Table  E.2.3-1.  The  chemical  industry  is  a large  energy  user. 

Only  petroleum  refining  and  primary  metals  consumed  more  total  energy 
than  chemicals  production  in  1971.  Because  of  the  rapid  growth  anticipated 
for  the  industry.  Table  E.2.3-1  projects  that  by  1985,  the  chemical  industry 
will  be  the  largest  energy  user  in  the  industrial  sector.  Because  of  this 
and  because  their  industry  supplies  many  intermediate  products  to  other 
industries,  energy  conservation  measures  in  the  chemical  industry  should 
have  far  reaching  effects.  The  majority  of  the  energy  consumed  by  the 
chemical  industry  was  non-electric.  Table  E.2.3-1  shows  that  nearly 
90%  of  the  energy  consumed  in  1971  was  direct  fuel  use.  Over  70%  of 
the  fuel  used  was  natural  gas.  [West-75, C-26] 


TABLE  E.2.3-1.  HISTORICAL  AND  PROJECTED  ENERGY  REQUIREMENTS:  1954-1985  [10-75] 


1954 


Total  Manufacturing  (Trillion 
BTU)  9826 

Fuel  (Trillion  BTU)  9187 

Electricity  (Trillion  BTU)  639 

Value  added  (Billions  1967/$VA)  139.8 

Energy/Output  (Thousand  BTU/$VA)  70,29 
Fuel  (Thousand  BTU/$VA)  65.72 

Electricity  (Thousand  BTU/$VA)  4.57 


Total  Six  High  Energy  Con- 
suming Industries  8351 

Fuel  (Trillion  BTU)  7902 

Electricity  (Trillion  BTU)  449 

Value  Added  (Billions  1967/$VA)  51.66 

Energy/Output  (Thousand  BTU/SVA)  161.65 
Fuel  (Thousand  BTU/$VA)  152.96 

Electricity  (Thousand  BTU/$VA)  8.69 

Food  & Kindred  Products  (SIC20)  805 

Fuel  (Trillion  BTU)  764 

Electricity  41 

Value  Added  (Billions  1967  $)  16.96 

Energy/Output  (Thousands  BTU/$VA)  47.46 
Fuel  45.05 

Electricity  2.42 


Paper  S Allied  Products  (SIC26)  648 

Fuel  (Trillions  BTU)  611 

Value'Added  (Billions  1967  $)  5140 

Energy/Output  (Thousands  BTU/$VA)  126.07 
Fuel  118.87 

Electricity  7.2 


Chemical  & Allied  Products 

(SIC28)  1359 

Fuel  1201 

Electricity  158 

Value  Added  8.47 

Energy/Output  160.44 

Fuel  141 .79 

Electricity  18.7 

Petroleum  i Coal  Products 

(SIC28)  1761 

Fuel  1741 

Electricity  20 

Value  Added  3190 

Energy /Output  552,04 

Fuel  545.77 

Electricity  6.27 


Stone,  Clay,  & Glass  Products 
(SIC32)  905 

Fuel  874 

Electricity  31 

Value  Added  5130 

Energy/Output  176.41 

Fuel  170.37 

Electricity  6.04 


Primary  Metals  Industry  (S1C33)  2873 

Fuel  ■ 2711 

Electricity  162 

Value  Added  12.77 

Energy /Output  224.98 

Fuel  212.29 

Electricity  12.69 


Energy  Consumed  by  All 

Other  Manufacturing  1475 

Fuel  1285 

Electricity  190 

Value  Added  88.14 

Energy/Output  16.73 

Fuel  14.58 

Electricity  2.16 


1958 

1962 

19S7 

1971 

10698 

12501 

14765 

15940 

9836 

11301 

13315 

14179 

862 

1200 

1450 

1761 

153.29 

192.03 

261 .98 

301.56 

69.79 

. 65.1 

56.36 

52.86 

64.16 

58.86 

50.82 

47.02 

5.62 

6.25 

5.53 

5.84 

9210 

10672 

12385 

13226 

8577 

9904 

11393 

12070 

633 

768 

992 

1156 

59.02 

72.20 

93.66 

101.91 

156.02 

147.65 

132.22 

129.78 

145.3 

137.02 

121.64 

118.41 

10.72 

10.63 

10.59 

11.34 

766 

803 

767 

920 

712 

738 

684 

800 

54 

65 

83 

120 

19.66 

22.44 

26.62 

28.77 

38.95 

35.78 

28.81 

31.98 

36.22 

32.89 

25.69 

27.8 

2. 75 

2.9 

3.12 

4.17 

806 

929 

1156 

1315 

763 

871 

1067 

1196 

43 

58 

88 

119 

6030 

7460 

9756 

11356 

133.67 

124.53 

118.49 

115.8 

126.53 

116.76 

109.37 

105'.  32 

7.13 

7.77 

9.02 

10.48 

1634 

1969 

2598 

2783 

1342 

1661 

2272 

2443 

292 

308 

326 

340 

11.30 

15.78 

23.55 

29.08 

144.6 

124.78 

110.32 

95.7 

113.76 

105.25 

96.48 

84.0 

25.04 

19.52 

13.84 

11.7 

2020 

2316 

2556 

2956 

1990 

2275 

2502 

2877 

30 

41 

54 

79 

3710 

4440 

5420 

6559 

544.47 

521.62 

471.59 

451 

536.39 

512.39 

461.62 

439 

8.09 

9.23 

9.96 

12 

945 

1056 

1229 

1367 

904 

1003 

1162 

1291 

41 

53 

67 

76 

5890 

6940 

8333 

9325 

160.44 

152.16 

147.49 

146.6 

153.48 

144.52 

139.45 

138.4 

6.96. 

7.64 

8.04 

8.2 

304? 

3599 

4080 

4030 

2876 

3356 

3705 

3613 

173 

243 

374 

417 

12.44 

15.22 

19.98 

18.95 

245.1 

236.47 

204.2 

212.6 

231.2 

220.5 

185.49 

190.6 

13.91 

15.97 

18.72 

20.0 

1488 

1829 

2300 

2714 

1259 

1397 

1922 

2109 

229 

432 

458 

605 

94.26 

119.75 

168.32 

199.05 

15.79 

16.1 

14.1 

13.6 

13.36 

11.7 

11.4 

10.6 

2.42 

3.6 

2.72 

3.0 

1975 

1977 

1980 

1985 

19092 

20641 

22211 

25580 

16838 

18166 

19401 

22147 

2184 

2475 

2809 

3432 

390.66 

441 .68 

505.72 

611.05 

49.12 

46.73 

43.92 

41.86 

43.1 

43.13 

38.36 

36.24 

5.59 

5.60 

5.55 

5.62 

15554 

16595 

17554 

19978 

14081 

15012 

15772 

17784' 

1410 

1583 

1782 

2196 

130.49 

144.18 

163.42 

199.16 

119.20 

115.10 

107.42 

100.31 

107.9 

104.12 

96.51 

89.30 

10.8 

11.00 

10.90 

11.03 

912 

939 

1001 

1154 

806 

830 

885 

1018 

106 

109 

116 

136 

32.95 

34.80 

38.08 

43.85 

27.68 

26.98 

26.29 

26.31 

24.46 

23.85 

23.24 

23.21 

3.22 

3.13 

3.05 

3.10 

1276 

1325 

1415 

1473 

1120 

1166 

1235 

1250 

148 

159 

180 

215 

13893 

14897 

16614 

19697 

91.8 

88.9 

85.2 

74.8 

81.2 

78.27 

74.33 

63.87 

10.65 

10.67 

10.83 

10.92 

3757 

4428 

4822 

6175 

3301 

3864 

4180 

5293 

456 

564 

642 

882 

40.31 

47.78 

57.39 

76.68 

93.2 

92.7 

84.02 

80.5 

81.9 

80.9 

72.8 

69.0 

11.3 

11.8 

11.2 

11.5 

3359 

3409 

3507 

3869 

3268 

3324 

3412 

3759 

91 

85 

95 

no 

8121 

8555 

9233 

10340 

413.6 

398.0 

380 

374 

402.4 

308 

370 

364 

11.2 

10 

10 

10.6 

1440 

1530 

1647 

1700 

1338 

1417 

1517 

1649 

102 

113 

130 

139 

10641 

11716 

13099 

15316 

135.3 

130.6 

125.7 

116.7 

125.7 

120.9 

115.8 

107.7 

9.6 

9.6 

9.9 

9.1 

4810 

4964 

5162 

5519 

4304.2 

4410.9 

4543.3 

4805.4 

505.8 

553.1 

618.7 

713.5 

24.58 

26.42 

29.01 

33.26 

195.7 

187.9 

177.9 

165.9 

175.1 

167.0 

156.6 

144.4 

20.6 

20.9 

21.3 

21.5 

3538 

4046 

4657 

5602 

2757.8 

3154 

3629 

4365 

780 

892 

1027 

1236 

260.17 

297.5 

342.4 

411.9 

13.6 

13.6 

13.6 

13.6 

lO.S 

10.6 

10.6 

10.6 

3.0 

3.0 

3.0 

3.0 

E.2.4  PETROLEUM  REFINING  (SIC  29) 


Enercrv  Consumption  Status 

Although  the  complexity  of  U,  S.  refineries  has  increased,  energy 
consumption  per  barrel  of  output  has  remained  fairly  constant.  Figure 
E.2.4-1  shows  the  growth  in  refined  product  output  and  the  historical 
energy/output  ratios.  On  a volumetric  basis  output  grew  at  roughly  3.6% 
per  year  from  1947  to  1971,  but  currently  energy  consumption  per  barrel  of 
output  is  almost  the  same  as  in  1947.  In  value  terms,  output  has  grown 
.at  4.4%  per  year,  with  energy  consumption  per  dollar  of  output  declining 
by  J%  per  year.  [EEA-74,  4-10] 

There  are  two  major  reasons  for  the  observed  stable  energy/output 
ratio  which  has  been  maintained  over  the  last  twenty-five  years  in  spite 
of  substantial  increases  in  refinery  complexity.  One  reason  has  been  the 
gradual  replacement  of  energy  intensive  thermal  processes  by  catalytic 
processes.  Thermal  cracking,  for  example,  requires  almost  250  times  as 
much  energy  per  barrel  of  throughput  as  does  fluid  catalytic  cracking. 
[EEA-74,  4-11] 

A second  reason  for  industry's  ability  to  maintain  its  historical 
energy/output  ratio  has  been  the  continual  refinement  and  improvement  of 
standard  refining  techniques.  As  the  science  of  petroleum  refining  has 
matured,  improved  process  design  and  control  as  well  as  increased  integra- 
tion of  refining  operations  have  helped  to  reduce  energy  consumption  and, 
on  a per  unit  operation  basis,  the  consumption  of  energy  has  decreased. 

Three  factors  have  been  identified  as  likely  to  determine  future 
energy  consumption  levels  in  the  refining  industry:  (1)  the  degree  of 

emphasis  placed  on  conservation  efforts;  (2)  domestic  policy  towards 
imported  finished  products  and  crude  oil;  and  (3)  future  product 
specifications.  The  EEA  study  assumes  that  combining  non-capital  and 
capital  intensive  energy  conservation  measures  can  result  in  a savings 
of  15%  from  1971  consumption.  [EEA-74,  4-29]  This  study  also  assumes 
that  the  effect  of  domestic  petroleum  import  policy  on  process  energy 
requirements  will  be  neutral.  The  third  factor  - future  product 
specification  - is  extremely  important  since  there  is  a direct  relation- 
ship between  product  quality  and  energy  consumption.  Each  of  these  areas 
was  discussed  at  some  length  in  the  EEA  report. 

Energy  is  used,  in  the  refining  process  in  three  ways:  (1)  the 

raising  of  steam;  (2)  direct  process  heat,  and  (3)  electricity  for  pumps 
and  motors. 

As  can  be  seen  by  the  bar  graph  in  Figure  E.2.4t2,  the.  most  energy 
consumptive  processes  are  alkylation  and  thermal,  cracking  (obsolete) 
followed  by  catalytic  reforming  and  coking.  Alkylation  and  catalytic 
reforming  have  been  growing  as  a percent  of  crude  capacity.  This  trend 
will  probably  continue  because  both  processes  can  be  used  to  produce 
high  octane  unleaded  gasoline,  which  will  become  increasingly  important 
in  the  future  as  the  use ’of  tetraethyl  lead  is  reduced.  [EEA-74,  4-12] 


1947  1946  1950  1550  1554  1968  1972 

REFINING  PRODUCTION  LEVELS  AND  HISTORICAL  ENERGY/OUTPUT 
COEFFICIENT  {BASED  ON  EEA  DATA,  EEA-74,  4-11) 


FIGURE  E.2.4-1. 


MILLION  BTU/BARRELOF  CHARGE 


ENERGY  REQUIREMENTS  FOR  REFINING  PROCESSES 

[EEA-74] 


FIGURE  E. 2.4-2 


FLUID  CATALYTIC  CRACKING  (3.7) 


E-19 


A comparison  of  the  three  areas  of  energy  requirements  for  a simplified 
representative  refinery  are  shown  in  Table  E.2.4-1.  According  to  the  EEA 
study,  direct  process  heat  requirements  account  for  785^  of  total  energy 
usage,  followed  by  electricity  at  12%  and  steam  raising  at  10%.  On  the 
other  hand,  the  Prengle  study  [Prengle-75,  4-9]  and  the  Stanford  Research 
Institute  Report  ISRI-75,]  indicate  a different  Breakdown  of  these 
percentages.  The  fact  that  Prengle's  study  is  limited  to  refineries  in 
Texas  could  explain  the  discrepancies  in  the  data. 

However,  the  wide  variation  in  data  may  simply  be  a result  of  the 
diversity  of  the  industry  and  the  assumptions  made  by  the  various 
assessing  groups  as  to  the  requirements  for  a typical  refinery.  This 
is  indicative  of  the  difficulty  involved  in  trying  to  assess  the  potential 
for  conservation  in  industries  as  complex  as  the  refining  industry. 


E.2.5  STONE,  CLAY  AND  GLASS  CONSUMPTION  STATUS 

The  historic  energy  consumption  pattern  is  shown  in  Table  E'.2.3-T 
The  industry  has  some  flexibility  and  there  are  possibilities  for  substit- 
ution of  fuel . 


E.2.6  PRIMARY  METALS 

The  historic  energy  consumption  pattern  is  shown  in  Table  E.2.3-1, 
The  primary  metals  industry  is  the  largest  consumer  in  the  manufacturers 
sector. 


E.2.7  ENERGY  CONSUMPTION  - BY  ENERGY  SOURCE 

Table  E.2.7-1  displays  the  source  of  energy  purchased  by  six 
manufacturing  industries  for  1967.  Data  are  from  [CAC-75]. 


E.2,8  ENERGY  CONSUMPTION  — AN  ALTERNATIVE  MEASURE 

In  assessing  energy  consumption,  attention  has  focused  on  the  total 
BTU's  each  industry  purchases.  Industry  uses  this  energy  to  produce  its 
total  output  which  is  divided  into  sales  to  intermediate  and  final  markets. 
All  production,  either  directly  or  indirectly,  goes  to  satisfy  final 
demands.  This  suggests  that  an  alternative  measure  of  energy  consumption 
of  an  industry  would  be  the  direct  energy  plus  the  indirect  energy  needed 
to  meet  its  final  sales.  Indirect  energy  is  the  energy  required  to  produce 
the  intermediate  products  an  industry  consumes.  For  example,  steel  is  an  ' 
intermediate  product  used  in  automobile  manufacturing.  The  energy  required 
to  produce  that  steel  would  be  charged  to  the  automobile  industry.  The 
advantage  of  this  accounting  scheme  is  that  it  captures  immediately  the 
direct  and  indirect  effects  of  a change  in  final  sales.  If  consumers 
demanded  — or  were  required  to  buy  — smaller  automobiles,  the  direct 
impact  on  the  economy  would  be  a shift  in  the  size  composition  of  vehicles. 


TABLE  E. 2.4-1.  DISTRIBUTION  OF  ENERGY  IN  A REFINERY 


% of  Total  Consumed 


Prenqle-75* 

EEA-74 

SRI-75 

Direct  Process  Heat 

60 

78 

60 

Steam  Generation 

25 

10 

34 

Electricity  Generation 

15 

12 

6 

*Prengle's  study  is  confined  to  refinery  operations  in  Texas 


TABLE  E.2.7-1.  PURCHASED  ENERGY  [CAC-75] 


REFINED  NATURAL 

PETRO-  ELECTRIC  GAS 
COAL  LEUM  UTILITIES  UTILITIES  TOTAL 


sia  26 

Paper  & Allied  Products 

3.6x101*^ 

3.1x101*^ 

8.8x1013 

4.0x101'* 

1.2x1015 

SIC  20 

Food  & Kindred  Products 

2.0x101“^ 

2.0x101'^ 

9.2x1013 

4.5x101'* 

9.2x101'* 

SIC  28 

Chemical  & Allied  Prod, 

2.5x10^** 

4.9x101'^ 

3.3x101'* 

1.9x1015 

2.9x1015 

SIC  29 

Petroleum  Refining 

4.3x1013 

1.9x1013 

5.4x1013 

9.9x101'* 

2.9x1015 

3.2x101^^ 

6,7x1013 

7.0x101'* 

1.2x1015 

SIC  33 

Primary  Metals 

2.5x1013 

2.9x101'* 

3.7x101'* 

1.3x1015 

4.4x1015 

If  smaller  units  required  less  steel  the  impact  would  be  a less  energy 
intensive  automobile.  Note,  however,  that  an  indirect' reduction  in  the 
demand  for  steel  may  have  negative  impacts  on  the  steel  industry.  What- 
ever the  eventual  repercussions,  the  initial  impact  was  on  the  transporta- 
tion industry,  not  on  the  steel  industry. 

Which  industries  sell  most  of  their  output  to  final  markets?  The 
ratio  of  final  demand  to  total  output  for  13  industry  groups  is  given 
below: 


Food  and  kindred  products  .73 
Textiles  and  Textile  Products  .47 
Lumber  and  Wood  Products  .34 
Paper  and  Allied  Products  .19 
Chemicals  and  Allied  Products  .30 
Petroleum  Refining  .48 
Rubber  and  Rubber  Products  .37 
Stone,  Clay,  Glass  .08 
Primary  Metals  .05 
Fabricated  Metal  Products  .12 
Machinery  .56 
Electrical  Machinery  .53 
Transportation  .67 


Notice  that  Primary  Metals,  Stone,  Clay  and  Glass,  Paper  and  Allied 
Products,  and  Chemicals  sell  a majority  of  their  output  to  intermediate 
markets.  Under  the  accounting  scheme  discussed  above,  it  is  unlikely 
these  industries  will  remain  the  targets  of  conservation  opportunity. 

The  energy  cost  per  dollar  of  final  demand  can  be  computed  using  the 
direct  requirements  matrix  of  the  input-output  display.  It  is  possible 
that  an  industry  has  a low  BTU/dollar  of  final  product  but  a large  impact 
on  total  BTU's.  Such  an  industry  is  Food  and  Kindred  Products.  Most  of 
that  industry's  output  goes  directly  to  final  markets.  It  happens  that 
its  final  market  is  the  largest  of  all  the  industry  groups  considered. 
Thus,  the  potential  impact  depends  on  energy  per  unit  of  final  demand 
and  for  the  size  of  the  final  demand. 

Assuming  such  an  energy  accounting  method  was  adopted,  the  relative 
importance  (in  terms  of  energy  consumption)  of  the  13  industries 
changes.  The  rankings  are  given  in  Table  E.2.8-1,  The  far. right  column 
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TABLE  E.2.8>1.  ENERGY  COST  (DIRECT  AND  INDIRECT)  PER  DOLLAR  OF  FINAL  DEMAND 

(1967) 

BTU/$  OF  TOTAL  BTU 

FINAL  DEMAND  (1967)  FOR  FINAL  DEMAND 


INDUSTRY 

DIRECT  & INDIRECT 
xios 

DIRECT  & INDIRECT 
xlOls 

Food  and  Kindred  Products 

■‘71  . 

5.04 

Textiles 

.68 

1.50 

Lumber 

.70 

.51 

Paper  & Allied  Products 

.91 

.78 

Chem  & Allied  Products 

2.21 

3.09 

Petroleum  Refining 

10.82 

13.93 

Rubber 

.83 

.59 

Stone,  Clay,  Glass 

1.58 

.09 

Primary  Metals 

2.57 

.63 

Fabricated  Metal  Prod. 

1 .09 

.51 

Machinery 

.77 

2.37 

Electric  Machinery 

.82 

00 

• 

Transportation 

.80 

3.96 
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ranks  the  Industries  by  energy  purchased  directly.  The  calculations  of 
the  energy  cost  come  from  an  aggregated  I-O  model  constructed  for  this 
report.  While  this  model  was  constructed  only  for  illustrations,  the 
numbers  compare  favorably  with  estimates  published  in  [CAC-74]. 


The  energy  costs  per  dollar  of  final  demand  are  given  in  Table  E.2.8-2 
refining  (and  gas  utilities).  The  relative  rankings  change. 


E.3  CONSERVATION  STATUS 


E.3.1  INTRODUCTION 

This  section  discusses  the  current  status  of  conservation  and  the 
conservation  potential  in  the  six  most  energy  intensive  industries. 

Tables  E.3.1 -1,  E.3.1 -2  and  E.3. 1-3  from  the  Ford  report  give  estimated 
energy  uses  under  their  three  scenarios  for  industry  as  a Whole.  [Ford-74] 

Industrial  end-use  energy  consumption  accounted  for  about.  23.1  quads 
in  1972.  The  major  conservation  opportunities  in  the  industrial  sector 
include:  [PI -74, 171] 

modifying  equipment  to  improve  efficiency, 

adjusting  combustion  controls  and  cleaning  heat  exchange 
surfaces  in  furnaces, 

utilizing  waste  heat,  and 

utilizing  solid  wastes. 


E.3. 2 FOOD  INDUSTRY 


E.3. 2.1  AGRICULTURE 

According  to  the  National  Petroleum  Council's  report  [NPC-74,  37], 
short-range  conservation  can  be  achieved  best  through  intensive  educa- 
tional and  training  programs'.  The  major  difficulty  is  the  problem  involved 
in  supplying  information  to  the  millions  of  Individual  farmers.  (There 
are  some  2.8  million  farms  in  the  United  States.)  The  general  procedures 
to  do  this  exist,  however,  .and  many  actions  have  already  been  Initiated 
through  federal  and  state  agricultural  agencies  and  extension  services, 
universities  and  agricultural  associations.  In  the  short  term,  only  2% 
savings  per  unit  of  output  is  anticipated.  [NPC-75,  38] 

Over  the  longer  term,  the  following  are  areas  where  possible  increased 
energy  efficiencies  may  be  obtained. 


Development  of  more  efficient  and  better  yielding  crops 
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TABLE  E.2.8-2.  INDUSTRY  RANKING  AGCORDrNG  TO  THE  ENERGY  COST  OF  FINAL  DEMANDS 


BTU/$^ 

FINAL  DEMAND 

TOTAL  BTU  FOR 

TOTAL  BTU 

INDUSTRY 

(DIRECT  & INDIRECT) 

FINAL  DEMAND 

PURCHASED 

Food  & Kindred  Products 

11 

2 

4 

Textiles 

13 

6 

Lumber 

12 

12 

Paper  & Allied  Products 

6 

8 

5 

Chem  & Allied  Products 

3 

4 

2 

Petroleum  Refining 

1 

1 

3 

Rubber 

7 

10 

7 

Stone,  Clay,  Glass 

4 

13 

6 

Primary  Metals 

2 

9 

1 

Fabricated  Metal  Prod. 

5 

11  ' 

Machi nery 

10 

5 

Electrical  Machinery 

8 

7 

Transportation 

9 

3 

a)  CAC-74 

TABLE  E.3.1-1. 

PROJECTED  INDUSTRIAL  ENERGY  USE  [Fprd-74] 

1973 

1985 

2000 

Historical  Growth 

29.5 

52,1 

96.9 

Technical  Fix 

29.5 

40.0 

63.1 

Zero  Energy  Growth 

29.5 

37.9 

47.0 

TABLE  E,3,1-2.  POTENTIAL  ENERGY  SAVINGS  IN  THE 
INDUSTRIAL  SECTOR  (Quadrillion  STU's)  [Ford-74] 


TABLE  E.3.1-3.  POTENTIAL  ENERGY  SAVINGS  IN  THE 
INDUSTRIAL  SECTOR  (Quadrillion  BTU’s)  [Ford-74] 


Technical  Fix  vs.  Historical  Growth 


198S  2000 

Industrial  energy 
use  In  HG  scenario  46  87 


Potential  Savinas 

Conservation  Measures 

Five  energy 

Intensive 

Industries 

4.3 

13.1 

More  efficient  production 
processes  In  paper,  steel, 
aluminum,  plastics  and  cement 
manufacture. 

Miscellaneous 
process  steam 

0.5 

3.5 

Onsite  industrial  cogeneration 
of  steam  and  electricity. 

Miscellaneous 
direct  heat 

2.9 

5.4 

Use  of  heat  recuperators  and 
regenerators  with  direct  use 
of  fuels  Instead  of  electric 
resistive  heat. 

Other 

2.5 

7.4 

Total  savings 

10.2 

29.4 

Industrial  energy 
use  in  TF  scenario 

36 

58 

Zero  Energy  Growth  vs.  Technical  Fix 


1985 

2000 

Industrial  energy  use 
in  TF  scenario 

36 

58 

Potential  Savings 

, 

Conservation  Measures 

Aluminum 

0.2 

0.3 

Ban  aluminum  cans 

0.3 

Recycle  75%  of  available  old 
scrap  (compared  to' 50%  in  TF) 

Steel 

0.4 

1.0 

Reduce  growth  in  steel  output 
from  2.5  to  1.5%  per  year 

Plastics 

1.5 

4.7 

Reduce  growth  in  plastics 
output  (to  2.7%  per  year  for 
1985-2000) 

Other 

8.4 

General  shift  in  industrial 
mix  to  less  energy  intensive 
activities 

Total  savings 

2.1 

14.7 

industrial  energy 
use  in  ZEG  scenario 

34 

43 

Note:  Only  the  manufacturing  sector's  share  of  energy  processing  losses 
are  included  here. 


Note:  Only  the  manufacturing  sector's  share  of  energy  processing  losses 
is  included  above. 


I 

IN) 

tn 
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Optimization  of  the  use  of  chemical  fertilizers  with  maximum  use 
of  manure  and  farm  by-products  for  fertilizer 

Use  of  "no  tillage"  or  minimum  tillage  for  land  preparation  and 
crops  where  practical 

Development  of  crops  that  are  more  resistant  to  insects,  disease 
and  birds,  thus  reducing  energy  inputs  of  pesticides  and  other 
chemicals 

Production  of  specific  crops  only  in  regions  that  give  maximum 
yields  per  unit  of  energy  input 

Use  of  natural  field  drying  to  the  maximum  extent  possible 
E.3.2.2  FOOD  PROCESSING 

Over  three-fourths  of  the  food  produced  by  agriculture  is  commercially 
processed  before  its  final  use.  Significant  energy  savings  in  the  food 
processing  industry  which  are  possible  include: 

Utilization  of  wastes  and  by-products  instead  of  disposal  (e.g., 
nutshells,  fruit  pits) 

Less  packaging  of  foods  with  more  bulk  handling 
Education  of  consumers  in  energy  efficient  foods. 


E.3.2.3  COOKING/STERILIZATION  AND  REFRIGERATION 

A major  limitation  to  energy  conservation  in  the  food  processing 
industry  is  the  need  to  assure  the  safety  of  humans  and  animals.  Cook- 
ing/sterilization and  refrigeration  are  two  high-energy  consumption  steps 
in  food  processing.  An  estimated  15  to  20  percent,  and  20  to  25  percent, 
respectively,  of  total  food  processing  energy  is  used  in  each  of  these 
processes.  Adequacy  of  the  operation  is  a must  to  provide  nutritious  and 
safe  products.  Practically  all  food  products  contain  large  amounts  of 
moisture  and  are  thus  subject  to  spoilage.  Many  cooked/sterilized  products 
must  be  canned  or  kept  refrigerated.  Increased  energy  efficiency  oppor- 
tunities exist  in  these  operations.  The  operations  themselves  cannot  be 
omitted,  under  current  economic  and  technical  conditions.  Improvements 
in  food  handling  and  processing  equipment  operations  are  the  most  promising 
for  short-range  energy  conservation. 

Of  all  the  food  industries,  frozen  foods  and  vegetables  are  the  most 
technologically  innovative  with  a great  variety  of  production  processes. 
Product  improvement  has  been  the  motivating  force  for  technological 
innovations,  i.e. , some  new  processes  consume  more  energy  than  those  they 
replace.  In  general.,  it  is  not  the  product  being  frozen  that  determines 
energy  consumption  but  the  method  and  volume  of  products  frozen. 
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Considerations  of  product  quality  have  led  the  industry  to  replace 
"sharp  freezing"  with  "quick  freezing"  of  which  there  are  several  types. 
This  switch  brought  a sharp  rise  in  energy  consumption  to  operate  fans  and 
other  equipment.  One  quick  freezing  variant,  multiple  plate  freezers, 
used  relatively  little  energy  but  failed  to  takeover  the  industry  because 
of  the  large  labor  costs  involved. 

The  latest  innovation  has  been  the  use  of  cyrogenic  freezing  with 
liquid  nitrogen  or  other  low  temperature  requirements.  In  terms  of  both 
product  quality  and  greatly  reduced  energy  costs  this  is  the  best  method. 
However,  at  present,  costs  are  prohibitive  since  the  cost  of  nitrogen  alone 
for  one  year  often  equals  the  entire  investment  in  another  type  of  freezing 
equipment.  If  the  cost  of  nitrogen  drops  drastically,  which  is  not 
expected,  energy  costs  for  the  industry  would  also  decline  radically. 

Practically  all  food  processing  industries  have  enlarged  their  energy 
conservation  programs.  An  overall  energy  savings  rate  of  5 percent  per 
unit  of  output,  based  on  year  1972,  was  achieved  by  the  end  of  year  1973. 

An  additional  5 percent  savings  per  unit  of  output  should  be  realized  by 
the  end  of  year  1974.  These  savings  have  required  minimal  processing 
changes  and  capital  investment.  [NPC-75,  38] 

There  are  further  opportunities  for  significant  short-term  energy  use 
reductions.  In  total,  savings  of  10  to  15  percent  per  unit  of  output  are 
expected  by  1978.  Most  of  these  savings  require  revised  processing 
techniques,  energy  recovery  systems,  processing  controls,  and  even  some 
different  food  products.  Most  require  capital  expenditures.  [NPC-75,  38] 


£.3. 3 PAPER  INDUSTRY 

The  Paper  and  Allied  Products  Industry  consumed  1.095  quads*  of  energy  in 
1967  [SRI-72-124],  or  11,670  BTU  per  pound  of  product.  This  unit  figure 
represents  a 15  per  cent  reduction  since  1958.  If  the  use  of  process  waste 
is  included,  the  figure  for  1967  usage  is  about  2.08  quads.'  [PRE-74,59]  Several 
trends  and  developments  that  have  been  observed  through  1967  are  as  follows: 
[SRI-72,124-126] 

"Increased  use  of  the  sulphate  (draft)  pulping  process,  which  is. — 
generally  — a less  energy  consuming  process  than  other  pulping 
processes. 

Increased  use  of  continuous  digesters  instead  of  batch' digesters. 

Kamyr  continuous  digesters  are  estimated  by  the  manufacturer  to 
reduce  the  steam  requirement  of  cooking  by  40SJ  and  that  of  evapora- 
tion by  15%  to  20%. 


* 


Electricity  converted  to  BTUs  at  3413  BTU  per  kWh 
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Decreased  use  of  waste  paper  from  0.28  pounds  per  pound  of  paper 
and  paperboard  production  in  1958  to  0.21  pounds  per  pound  of  paper 
and  paperboard  production  in  1967  and  a resulting  increase  in  vrood 
pulp  use  from  0.73  pounds  per  pound  to  0.78  pounds  per  pound. 

Since  pulp  made  from  recycled  waste  paper  uses  only  about  one- 
fourth  of  the  steam  energy  and  less  than  one- tenth  of  the  electric 
energy  than  that  made  from  wood,  declining  use  of  waste  paper  re- 
sults in  increased  energy  consumption  per  unit  of  finished  product. 

Pulp  yields  increased  from  96%  in  1958  to  98%  in  1967,  resulting 
in  decreased  energy  consumption  per  unit  of  finished  product. 

Increasing  use  of  chips  from  the  lumber  and  wood  products  industry. 

The  trend  toward  more  refined  products,  with  larger  per  unit  energy 
consumption,  increased  the  average  energy  consumed. 

Increased  emphasis  on  pollutant  removal  from  water  and  air  released 
from  pulp  and  paper  mills  tends  to  increase  energy  consumption." 

Another  report,  [EEA-74,I-33]  gives  1967  energy  consumption  in  the 
paper  industry  at  about  2.20  quads.  This  report  estimates  that  housekeeping 
measures  will  reduce  energy  needs  by  16  percent  between  1971  and  1990. 

Improved  processes  are  estimated  to  result  in  a 10%  energy  use  reduction 
by  1990.  The  use  of  larger  integrated  mills  is  estimated  to  yield  a 7 1/2 
percent  energy  savings  by  1990.  The  cumulative  effect  of  these  conservation 
measures  is  estimated  [EEA-74,I-36]  to  be  a reduction  to  27  x 10^  BTU/Ton 
in  1990  from  40  x 10®  BTU/Ton.  [PI-74-3,2-20]  The  figures  for  1985  are: 

28.4  X 106  BTU/Ton  [EEA-74,1-36]  and  34.8  x lO^  BTU/Ton  [PI -74-3, 2-20]. 

The  usage“Of-energy  in  the  Paper  Industry  was  up  to  2.6  quads  in  1972 
[PI -74-3 ,2-3]  This  report  projects  that  energy  use  per  dollar  of  value 
added  will  decrease  by  2,26  percent  per  year  through  1980  for  a total 
decrease  of  18.6  percent  compared  to  the  1971  figure.  This  reduction  will 
be  due  primarily  to  an  increased  use  of  residual  fuels  produced  during  the 
production  process  and  better  controls  over  process  heat  requirements.  In 
a different  section  of  the  report,  it  is  estimated  that  purchased  energy 
requirements  per  ton  of  finished  product  will  be  reduced  17-23  percent 
between  1972  and  1990.  [PI-74-3,2-1] 

Actions  that  can  be  taken  by  the  Paper  Industry  to  conserve  energy 
can  be  grouped  as  follows:  [PI-74-3,2-12] 

Housekeeping  measures 

Capital  improvements 

New,  more  energy  efficient  capacity,  and 
Alternate  fuels 


According  to  [NPC-74,43]  a potential  savings  of  15  percent  per  unit 
of  output  is  projected  in  the  paper  industry  by  1978,  and  many  companies 
have  reported  achieving  savings  of  10-12  percent  in  purchased  energy  per 
unit  of  output  since  October,  1973. 

E.3.4  CHEMICAL  INDUSTRY 

Historically,  the  chemical  industry  has  a record  of  achieving  sub- 
stantial reductions  in  energy  usage  (a  31%  decrease  in  energy  use  per 
unit  of  product  in  the  17  years  from  1954  to  1971).  [West-75,  C-25] 

These  reductions  resulted  in  large  part  from  the  two  following  facts: 

(1)  the  energy  situation  has  and  will  continue  to  exert  a large  influence 
on  the  costs,  prices, and  product  availability  of  the  chemical  industry 
[10-75,90]  and  (2)  the  chemical  industry  has  typically  expended  3 percent 
of  sales  for  R&D  [10-75,94]  versus  an  all  industry  average  of  close  to  2%. 

It  is  not  surprising  then,  that  further  large  decreases  in  energy 
usage  per  unit  of  output  are  anticipated  for  the  chemical  industry. 

Prengle  [PRE-74,  3-5]  in  his  analysis  of  226  chemical  plants  in  Texas 
projects  a potential  saving  of  31.1%  of  energy  per  unit  of  output  over  the 
next  61/2  years.  Table  E.3.4-1  shows  current  and  possible  energy  usages. 
It  is  important  to  note  that  the  largest  improvements  are  anticipated  in 
the  combustion  processes.  It  is  also  valuable  to  observe  that  these 
estimations  do  not  include  all  types  of  major  process  redesign  and  other 
advanced  technology  such  as  improved  selectivity  catalysts.  Energy  re- 
ductions for  these  types  of  technology  improvements  are  generally  be- 
lieved to  be  large  but  not  well  known.  Projecting  the  Prengle  estimate  to 
the  entire  chemical  industry  appears  reasonable  since  almost  56%  of  that 
industry's  energy  consumption  occurs  in  Texas.  [PRE-74-,25]  [IEC-75,11] 
Also  Prengle 's  data  was  obtained  from  chemical  company  estimates. 

The  chemical  industry  has  entered  into  a voluntary  program  with  the 
FEA  to  reduce  energy  use  per  unit  of  output  15%  by  1980  (1972  base). 
[IEC-75-,11]  Table  E.3.4-1  shows  the  historical  energy  usage  reduction  per 
unit  of  output,  the  voluntary  commitment  and  the  Prengle  projection.  It 
is  apparent  that  the  voluntary  commitment  does  not  represent  a major 
departure  from  historical  energy  percentage  reduction  per  unit  of  output. 
Indeed,  the  industry  voluntary  commitment  is  actually  somewhat  lower 
since  it  does  not  include  energy  needed  to  meet  OSHA  and  Environmental 
requirements. 

Capital  requirements  for  the  energy  conservation  achievement  given 
by  Prengle  (and  projected  to  the  entire  U.  S.  chemical  industry)  are 
$0.58  billion  over  a 6 1/2  year  period.  The  total  projected  cajDital 
spending  for  the  U.  S.  chemical  industry  in  1975  alone  is  5.3  billion. 
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TABLE  E. 3. 4-1.  ENERGY  CONSERVATION  POTENTIAL  [PRE-74,5-22] 


I.  Combustion 

A.  Heater  Efficiency 

Capital  Investments 
Improved  Operation 

B.  Process  Improvements 
Capital 

Good  Housekeeping 

II.  Electricity  (purchased  for 

mechanical  drives) 

Capital  Investments 
Good  Housekeeping 

III.  Steam  (process  heat) 

TOTALS 


% of  total 
energy  used 

92 


7.5 


estimated 
savings  % (1985)* 


16.8 

1.0 


5. 

7.5 


.72 

0.03 


31.1 


*0nly  6 1/2  years  required  for  implementation 

Total  Capital  Required  for  Conservation 
$323  X 10^  1975  dollars 

1974  Texas  SEC  = 16  x 10^  BTU (SEC  means  specific  energy  consump- 

Ton  Product  tion,  BTU/Ton) 

1 985  Texas  SEC  = 1 1 .8  x lp6  BTU 

Ton 

1974  Texas  Production  81  x 10^  Tons/yr. 

1974  Texas  Energy  Consumption  1.30  x 1015  BTU/yr 

1974  Total  U.  S.  Chemical  Industry  Energy  Consumption  2.32  x 10^^  BIU 

yr. 

% of  Chemical  Industry  Energy  Consumed  in  Texas  = 1.30  x lO^S 

2.32  X 10li5  X 1 00  = 56% 
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E.3.5  REFINING 

It  has  been  estimated  that  better  maintenance  and  improved  systems 
control  overall  could  result  In  a 5%  reduction  in  energy  usage.  Surveys 
of  major  oil  companies  indicate  that  programs  resulting  in  savings  of 
‘this  magnitude  are  already  underway.  [EEA-74,  4-29] 

An  additional  10-155^  savings  is  believed  to  be  possible  by  implementing 
various  conservation  actions  [discussed  in  Section  E.5]  requiring  capital 
expenditure.  However,  it  appears  to  be  the  general  feeling  in  industry 
that  energy  conservation  measures  which  involve  capital  improvements 
should  be  treated  the  same  as  any  other  capital  outlay.  That  is,  invest- 
ment should  take  place  up  to  the  point  where  the  rate  of  return  is  equal 
to  the  opportunity  cost  of  alternative  investment  projects. 

Unlike  some  other  industries  such  as  steel  and  cement,  the  processes 
which  are  currently  in  use  in  refining  will  probably  continue  to  be  the 
dominant  processes  of  the  future.  The  refining  industry  has  already  been 
replacing  energy  intensive  processes  in  cases  where  the  economics  favored 
a less  energy  intensive  process.  Thermal  cracking,  for  example,  requires 
almost  250  times  as  much  energy  per  barrel  of  throughput  as  does  fluid 
catalytic  cracking.  Indicative  of  the  relative  desirability  of  fluid 
catalytic  cracking,  thermal  cracking  has  dropped  from  36%  of  refining 
capacity  In  1945  to  only  1%  in  1972  [EEA-74,  4-12]. 

It  is  unlikely  that  higher  energy  prices  will  force  refineries  to 
retire  large  processing  units  much  more  rapidly  than  they  would  have  in 
the  absence  of  higher  prices.  The  development  of  improved  catalytic 
processes  which  in  the  past  has  led  to  significant  energy  savings  will 
continue,  but  no  major  breakthroughs  are  anticipated  at  this  time. 

Therefore,  in  most  cases  the  relevant  economic  considerations  relate 
to  retrofitting  existing  equipment  with  energy  saving  devices,  improving 
maintenance  and  operating  procedures,  or  constructing  new  refineries 
with  these  energy  saving  devices  built  in.  Major  capital  projects  are 
discussed  in  the  EEA  study  [EEA-74,  4-22]. 

In  the  future,  refineries  will  probably  be  designed  with  energy 
conservation  in  mind.  Whether  or  not  these  refineries  will  be  designed 
to  minimize  energy  consumption  will  depend  on  the  economics  of  the  situa- 
tion. Minimizing  energy  consumption  is  not  necessarily  synonomous  with 
maximization  of  profits.  The  configuration  of  refineries  coming  on  line 
during  the  next  twenty  years  will  be  determined  by  future  demand  for 
petroleum  products  and  the  prevailing  market  prices  for  these  products. 

Exxon  made- a comprehensive  survey  of  their  refineries  in  1971.  They 
found  that  on  average  their  refineries  were  consuming  approximately  33% 
more  energy  than  required  at  high  efficiency  levels  of  operation.  Accord- 
ing to  Exxon  the  high  efficiency  consumption  rate  is  applicable  to  new 
modern  refineries,  but  the  refineries  built  10-15  years  ago  are  not 
operating  at  these  levels. 


Exxon  believes  that  new  refineries  will  achieve  high  levels  of 
efficiency  resulting  in  consumption  of  approximately  40%  less  energy  per 
barrel  than  the  current  U.  S.  average,  . ifith  regard  to  existing  plants 
they  believe  that  higher  energy  prices  have  created  sufficient  incentive 
to  reduce  energy  usage  by  15%  from  medium  efficiency  levels.  In  Exxon's 
case  this  would  result  in  a savings  of  roughly  100  MBTU  per  barrel.  If 
all  U.  S.  refineries  could  achieve  this  improved  level  of  efficiency  it 
would  reduce  average  U.  S.  refinery  consumption  from  its  current  average  of 
648  MBTU/barrel  to  446  MBTU/barrel  — a savings  of  over  30  percent 
[EEA-74,  4-13]. 

Projecting  energy  requirements  for  the  refining  industry  is  extremely 
difficult.  There  are  a number  of  very  important  variables*  such  as  the 
composition  of  crude  oils  and  the  future  octane  quality  of  gasoline,  which 
are  difficult  to  forecast  accurately.  Table  E.3.5-1  provides  one  projection  of 
future  refining  energy  requirements.  It  is  based  on  a number  of  assumptions: 

Short  tenii  non-capital  intensive  housekeeping  efforts  will 
reduce  energy  requirements  by  five  percent  per  unit  of  output; 

Longer  term  capital  improvements,  e.g.,  air  preheaters,  opti- 
mization of  heat  exchangers  on  existing  plants,  will  ultimately 
reduce  energy  consumption  by  an  additional  ten  percent; 

New  refineries  coming  on  line  between  1975  and  1990  will  be 
operated  at  a relatively  high  level  of  efficiency,  consuming 
430,000  BTU  per  barrel  of  output; 

The  changing  composition  of  crude  oil  processed  in  U.  S. 
refineries  and  the  mandatory  reduction  of  lead  additives  in 
gasoline  will  have  a neutral  effect  on  refinery  energy  consump- 
tion; 

The  U.  S.  will  adopt  an  import  policy  which  discriminates 
against  imported  refined  product,  but  will  continue  to  import 
residual  fuel  oil  from  Caribbean  refineries. 

The  net  result  of  these  assumptions  is  that  energy  consumption  per 
barrel  of  refined  product  will  steadily  decrease  throughout  the  period. 

Over  the  period  1971  to  1980,  energy  consumption  drops  97  MBTU  per  barrel. 
Conservation  efforts  in  old  refineries  are  responsible  for  75%  of  the 
decrease,  and  new,  more  efficient  refineries  are  responsible  for  the 
remainder. 


With"  regard  to  projecting  energy  requirements  for  new  refineries, 
it  has  been  assumed  that  they  will  achieve  the  high  levels  of  efficiency 
estimated  by  Exxon.  This  assumption  may  be  somewhat  conservative  given 
the  degree  of  emphasis  presently  being  placed  on  energy  consumptionrwithin 
the  refining  industry.  However,  energy  consumption  rates  in  this  range 
would  represent  a significant  improvement  over  current  levels  of  efficiency. 


TABLE  E.3.5-1.  PROJECTED  ENERGY  REQUIREMENT  [EEA-74,4-39] 


Existing  Plants Energy  Impact 


Ext  sting 

Net  Energy 

New  Plants 

Weighted 

Energy  Consumption 

Year 

Capacity 

(MMBD) 

Conservation 
(Cumulative  improve) 

Output 

(MBTU/B) 

Net  Additions 
(MMBD) 

Energy/Output 

(MBTU/B) 

Average 

(MBTU/B) 

Fuel 

Electric 
(10l2  btU) 

Total 

•1958 

8.2 

- 

660 

- 

660 

1990 

30 

2020 

1962 

9.2 

674 

• 

674 

2275 

41 

2316 

1967 

10.6 

- 

641 

641 

2502 

54 

2556 

1971 

12.4 

- 

616 

- 

616 

2798 

75 

2873 

1975 

14.5 

7 

573 

.84 

430 

■567 

3181 

80 

3267 

1977 

14.5 

10 

555 

1.59 

430 

546 

3228 

80 

3308 

1980 

14.5 

15 

531 

2.82 

430 

519 

3305 

89 

3394 

1985 

14.5 

15 

531 

4.72 

430 

508 

3632 

103 

3735 
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Between  1980  and  1985  the  rate  of  decline  in  energy  consumption  tails 
off;  decreasing  only  by  12.0  MBTU  per  barrel  during  the  period.  Over  the 
entire  period  1971-1985,  energy  consumption  per  barrel  of  refined  product 
decreases  by  18%,  Conservation  measures  account  for  55%  of  the  decrease 
and  new  refineries  45%.  These  measures  will  save  approximately  395 
thousand  barrels  of  oil  per  day  by  1990.,[EEA-74,  4-40].  Figures  E. 3.5-1 
and  E.3.5-2  illustrate  the  magnitude  of  the  savings  obtainable  if  these 
conservation  efforts  are  successful. 


E.3.6  STONE,  CLAY,  GLASS 

Present  conditions  in  the  whole  industry  show  that  hydraulic  cement 
and  glass  account  for  45.6%  of  the  energy  requirements.  [EEA-74,5-1] 


E.3.6,1  CEMENT 

Present  conditions  in  the  cement  industry  make  an  attractive  environ- 
ment for  energy  considerations.  The  industry  is  characterized  by  high 
energy  usage,  growing  market  expansion  (sellers  market)  and  technical 
flexibility.  The  conservation  areas  with  the  greatest  potential  are: 

conversion  to  dry  kilns 

improvements  in  existing  kilns 

conversion  to  high  sulphur  coal 

increased  use  of  low  inergy  materials 

The  conversion  to  dry  kilns  has  a potential  for  large  savings  (a  factor  of 
3 from  worst  to  best).  [EEA-74^5-9]  The  major  obstacles  are  raw  material 
limitations  and  economics  of  change.  [GA-74-258] 

Improvements  in  existing  kilns  include  improved  combustion  efficiency, 
additional  heat  recovery  and  Improved  insulation  materials.  Additional 
changes  in  process  could  add  savings  without  severe  rate  of  return  con- 
siderations. [EEA-74  ,5-16]  The  list  includes  more  efficient  grinders, 
process  control  and  heat  exchange  systems . 

The  conversion,  to  coal  may  not  result  in  a savings  of  energy  but  will 
account  for  flexibility  by  the  act  of  substitution.  The  major  consideration 
is  the  industry's  ability  to  consume  high  sulphur  coal  without  undue 
environmental  penalties  as  the  process  absorbs  the  sulphur.  IPCA-74-43J 

The  increase  in  the  use  of  non-energy  intensive  materials  (pozzolanas) 
can  have  a potential  energy  savings  of  20%.  [Faber-75] 
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E.3.6.2  GLASS 

With  the  switch  to  disposable  glass  containers,  the  potential  for 
reducing  energy  consumption  per  unit  production  during  the  next  few  years 
is  not  favorable.  [EEA-74,163]  However,  the  areas  with  the  greatest 
potential  sav-ings  are: 

use  of  natural  soda  ashes  --  20%  savings 

increase  recycling  — 3%  savings 

increase  furnace  efficiency 

material  substitution 

The  area  that  causes  the  greatest  problem  in  energy  reduction  is 
the  conversion  from  natural  gas  to  coal.  Table  £.3.6-1  gives  a comparison 
among  the  various  production  techniques.  It  is  noted  that  submerged 
combustion  gives  a substantial  reduction,  but  there  is  concern  that  this 
technique  will  destroy  the  lining  of  the  furnace. 

Material  substitution  by  increased  use  of  plastic  and  larger  size 
containers  may  have  the  largest  short  term  impact.  These  factors  may 
reduce  the  growth  rate  to  zero  by  1980.  [EEA-74,161] 


E.3.7  PRIMARY  METALS 


E.3.7.1  STEEL 

The  steel  industry  is  optimistic  about  growth  potential  which  will 
make  possible  the  change-over  to  energy  saving  equipment  and  processes. 
[Gray-74] 

The  areas  of  conservation  potential  are: 
importation  of  ore 
reduction  of  coke  use 
shifts  in  furnace  technology 
new  technology 

The  importation  of  ore  will  be  the  result  of  depletion  of  high 
grade  U.  S.  ores.  Importation  has  a favorable  effect  on  U.  S.  energy 
consumption.  . 

The  10%  reduction  in  the  ratio  of  coke  to  pigiron  has  occurred" 
in  the  last  10  years.  [GA-74-339]  This  practice  is  accompanied  by 
increased  use  of  other  hydrocarbon  fuels  and  oxygen. 
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TABLE  E, 3.6-1. 

PRODUCTION  TECHNIQUES  AND  ENERGY  REQUIREMENTS  [EEA-74-I63] 

(MMBTU/ton) 


Fuels 

Electricity 

Total 

Net  Energy 

Gross 

Energy 

Existing 

Fuel-Fired 

6.8 

- 

6.8 

6.8 

Fuel -Fired 
with  Boosting 

4.8 

1.3 

6.1 

8.8 

Fuel -Fired 
with  Oxygen 
Enrichment 

6.3 

- 

-6.3 

6.3 

Ail -Electric  

- 

2.9 

2.9 

8.9 

Fuel -Fired 
with  Submerged 
Combustion 

4.1 

4.1 

4..1 
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The  shift  in  furnace  technology  is  from  the  open  heartli  to  the^ 
basic  oxygen  furnace  and  the  electric  furnace.  The  shift  will  provide 
flexibility  in  heat  cycle,  hot  metal  charge,  and  primary  fuel. 

New  technology  is  being  developed  in  the  areas  of  ore  benefication 
of  iron  ores,  blast  furnaces,  coke  production,  and  furnaces. 


E.3.7.2  ALUMINUM 

In  the  short  term  there  are  limited  conservation  possibilities. 

The  most  promising  is  the  change  in  production  of  electrodes. 

In  the  long  term  there  are  two  areas  which  show  promise: 
new  refining  process  --  30%  savings 
recycling  --  80%  savings 

The  new  refining  process  is  being  developed  by  Alcoa.  It  makes  use 
of  aluminum  chloride  which  is  easier  to  electrolyze.  This  reduces  the 
electricity  input  by  30%. 

Secondary  aluminum  production  by  recycling  is  related  directly  to 
progress  in  recovery  techniques  in  solid  waste  streams.  It  is  limited 
by  reduction  in  demand,  shift  to  other  materials  and  substitution  of 
waste  for  fossil  fuels. 


E.3-.8  POTENTIAL  CONTRIBUTIONS  OF  RESEARCH  AND  DEVELOPMENT  TO  INDUSTRIAL 
ENERGY-CONSERVATION 

The  potential  for  contributions  of  research  and  development  (R&D)  to 
industrial  energy  conservation  is  generally  believed  to  be  quite  large. 

Many  studies  agree  that  energy  savings  as  large  as  20-25%  (per  unit  of 
output)  are  possible  through  developing  such  technology  as  introducing  more 
efficient  machinery,  developing  alterate  (low  energy)  processes,  etc. 

However,  there  are  many  difficulties  in  implementing  such  work  because: 

(1)  Energy  conservation  has  not  been  a "classical"  area  of  industrial 
research.  Hence,  there  will  be  difficulties  because  of  unfamiliarity.  (2) 
Energy  has  been  a relatively  inexpensive  commodity  and  many  R&D  approaches 
to  energy  usage  reduction  which  are  now  economically  justifiable  may  still 
be  considered  impractical.  (3)  Industry  is  fragmented  and  research  and 
development  results  which  have  potential  for  any  one  industry  are  difficult 
to  recognize.  (4)  Private  industry  may  be  less  interested  in  conducting 
and  implementing  energy  conservation  R&D  since  it  will  not  directly  reap 

many  of  the  indirect  benefits  of  so  doing;  e.q.,  benefits  derived  from  reduced 
U.  S.  trade  deficit. 

Against  this  background  of  difficulties  the  assumption  persists  that 
research  and  development  can  substantially  accelerate  energy  conservation. 
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In  a presentation  given  to  the  AS EE  Design  Group  it  was  noted  that  large 
increases  in  energy  conservation  in  petroleum  refining  and  chemical  manufacture 
would  result  from  R&D  in  process  control  and  combustion  technology. 

[PRE-75,1J 

Based  on  the  previous  discussion,  the  questions  which  appear  most 
important  are:  What  R&D  tasks  should  be  undertaken?  How  can  the  results 

best  be  implemented?  What  is  the  future  of  the  large  body  of  already 
existing  sophisticated  technology  in  the  U.  S.  which  may  be  transferable 
(a  form  of  research)  to  energy  conservation? 

At  this  point,  it  will  be  of  benefit  to  make  a distinction  between 
R&D  results  and  programs  which. can  be  used  in  the  short  term  (implemented 
within  1 to  3 years)  and  a second  category  in  which  those  ideas  and  concepts 
which  will  find  utility  in  industry  beyond  a 3 year  time  frame.  Generally, 
introduction  of  advanced  R&D  and  sophisticated  technology  transfer  fall  into 
the  second.  The  3+  years  required  for  the  second  category  are  engendered  by 
long  lead  times  in  conducting,  evaluating  and  piloting  new  results  as  well 
as  designing,  purchasing  and  installing  new  manufacturing  equipment.  Since 
the  economic  benefits  and  impacts  of  the  first  category  of  improvements  can 
usually,  in  concept  at  least,  be  evaluated  by  standard  marketing,  engineering 
and  cost  accounting  techniques,  this  group  of  advances  will  not  be  discussed 
further  (even  though  final  implementation  may  be  hindered  by  many  practical 
considerations). 

Several  requirements  must  be  met  for  Successful  implementation  of 
sophisticated  R&D  results  of  any  type  in  an  industrial  environment:  0)  The 

uses  to  which  this  technology  (R&D)  is  to  be  put  must  be  very  clear  to  the 
user.  (2)  A market  must  exist  for  the  products  that  result  from  the  tech- 
nology and  this^market  must  be  carefully  characterized  with  regard  to 
costs,  competitors,  potential  profits  and  constraints  such  as  legal  statues. 
[MCF-75,1J 

Figure  E.3.8-1  displays  the  methodology  needed  to  achieve  objectives 
p)  and  (2)  above.  The  first  requirement  on  this  figure,  to  identify  high 
industrial  energy  users,  is  well  under  way  as  evidenced  by  this  report.  An 
industry  data  base  has  been  assembled  and  a methodology  for  assessing  ripple 
effects  (energy  conservation  in  one  industry  producing  energy  savings  in 
other  areas)  developed  (input-output  analysis).  Requirement  II  is  sub- 
stantially under  way;  many  program  speakers  have  commented  on  high  potential 
areas  of  research  and  technological  needs. 

Requirement  III , assessment  of  potential  energy  conservation  technology 
with  respect  to  its  suitability  for  specific  applications  must  be  a major 
focus  of  successful  efforts.  Careful  delineation  of  technical  requirement  is 
necessary  for  meaningful  conclusions.  However,  because  of  the  relatively 
short  time  available  to  the  Design  Group,  this  requirement  was  not  carried 
out  in  the  detail  necessary  for  complete  analysis.  The  remainder  of  the 
discussion  is  presented  for  purposes  of  illustrating  the  proposed  method- 
ology. 


FIGURE  E.3.8-1,  SUB-SUB-SYSTEM  OF  REQUIREMENTS 
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Research  can  be  divided  into  three  classifications:  (1)  research 

done  by  industry;  (2)  research  done  for  industry  e.g.,  the  ERDA  programs 
tLS-75];  (3)  technology  transfer  to  industry.  Implementation  of  results 
of  the  first  two  categories  are  more  straight-forward.  Work  Is  conducted 
by  or  for  an  industry  with  the  objective  of  reducing  that  industry's  energy 
consumption.  Tasks  are  identified  and  ranked  with  respect  to  well  known 
criteria:  priority  of  potential  energy  savings,  dollar  return  on  investment, 

etc.  Since  these  activities  are  generally  industry  specific;  establishment 
of  priorities  in  any  one  industry  is  not  excessively  difficult.  Perhaps 
the  only  major  uncertainty  is  determining  which  industry  should  receive 
priority  for  funds  for  research  done  for  the  industry.  Further  use  of 
techniques,  such  as  the  input-output  analysis  method  this  project  developed, 
will  aid  in  assessing  where  those  funds  should  be  best  applied. 

The  third  category  of  research  activities,  technology  transfer,  is  more 
difficult' to  assess.  Not  only  is  the  question  "To  which  industries  should 
the  technology  be  transferred?"  need  to  be  answered,  but  we  must  also 
define  which  needs  in  any  given  industry  can  be  satisfied  by  the  existing 
technology.  Problems  in  technology  transfer  are  discussed  in  the  litera- 
ture [KOT-73,24]  [CON-73]. 

Because  this  category  deals  with  existing  technology,  it  may  offer  some 
of  the  most  rapid  energy  conservation  returns.  Since  it  may  be  the  most 
difficult  to  implement,  examples  of  preliminary  matchings  of  industrial 
energy  conservation  technology  needs,  and  available  sophisticated  technology 
(NASA's)  are  discussed  below  to  illustrate  the  salient  principles.  Further 
efforts  are  needed  to  refine  matching  of  existing  technologies  (assessments). 

The  major  technology  need  highlighted  by  Prengle  [PRE-75]  and  others  is  in 
improving  efficiency  of  industrial  combustion  systems.  Industry  uses  40% 
of  total  U.  S.  energy  and  about  70%  of  this  is  consumed  in  combustion  pro- 
cesses (22  quads),  A combustion  efficiency  improvement  of  only  5%  and 
introduced  in  only  25%  of  U.  S.  industrial  combustion  systems  would  save 
nearly  0.3  quads.  A preliminary  discussion  with  NASA-MSFC  combustion 
experts  produced  the  follov/ing  suggestions;  (1)  In  liquid  rocket  fuel 
systems  considerable  research  and  development  has  been  conducted  to 
determine  optimum  parameters  governing  mixing  of  fuel  and  oxidizer.  This 
-is  important  in  rocketry  since  combustion  must  occur  quickly  before  the 
fuel -oxidizer  mixture  exits  the  combustion  chamber.  An  analogous  situation 
exists  in  industrial  combustion  processes  since  the  better  the  mixing  of 
fuel  and  air,  the  less  excess  combustion  air  is  needed  to  completely 
combust  the  fuel.  (The  less  excess  air  used  the  higher  the  combustion 
efficiency.)  The  suggestion  was  made  that  oxidizer  (air)  in  industrial 
systems  could  be  introduced  as  a pressurized  stream  as  it  is  in  rocket 
chambers.  Such  a design  (using  NASA  design  parameters)  could  decrease  the 
amount  of  excess  air  needed  for  complete  combustion.  (2)  In  industrial 
solid  fuel  systems  (coal)  larger  amounts  of  excess  air  are  needed  for 
complete  combustion  than  in  liquid  fuel  systems.  Use  of  NASA  solid  fuel 
technology  was  also  proposed  as  a potential  method  for  alleviating  this 
problem.  In  solid  rocket  fuels,  solid  oxidizer  is  mixed  with  the  solid 
fuel  to  produce  burning.  Mixing  of  coal  with  inexpensive  oxidizer  (such 
as  ammonium  nitrate)  prior  to  burning  could  generate  rapid  burning  and 
require  less  excess  air  and  thereby  improve  efficiency. 
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Other  ideas  developed  in  conversations  with  MSFC  personnel  were 
applying  NASA  sensors  in  excess  combustion  air  monitoring,  and  use  of  high 
temperature  metal  alloys  developed  for  rockets  in  industrial  turbines,  to 
allow  higher  operating  temperatures  (and  therefore  improved  efficiencies). 

Additional  preliminary  matchings  are  given  in  Table  E. 3.8-1  to 
illustrate  the  many  overlaps  between  NASA  technology  and  industrial  energy 
conservation  needs. 

Also  needed  is  a method  for  moving  this  technology  into  the  market 
place.  This  method,  called  a technology  transfer  system,  has  been  discussed 
[EZR-75,707].  It  is  shown  on  the  sub-study  system's  diagram  and  should  be 
the  subject  of  additional  analysis  so  that  it  will  be  suitable  for  energy 
conservation  technology. 

Requirement  IV  on  Figure  E.3.8-1,  impact  assessment  method,  has  been  dev- 
eloped by  the  task  group  as  a whole.  Estimates  of  energy  savings  in  a single 
industry  due  to  specific  technological  developments  must  first  be  conducted. 

Then  impact  assessment,  done  on  U.  S.  industry  as  a whole,  must  be  executed 
through  the  input-output  techniques  described  in  the  preceding  sections. 

Energy  savings  in  one  industry  should  be  traced  through  all  industry 
interactions  to  establish  impacts  such  as  total  industrial  energy  savings. 

Thus  complete  research  and  development  strategies  with  well  defined  benefits 
(and  accordingly  high  probabilities  of  success)  can  be  developed. 

In  conclusion,  it  seems  there  are  many  opportunities  for  sophisticated 
technology  in  general,  and  for  NASA  technology  in  particular  to  satisfy 
technical  needs  which  will  bring  about  large  scale  industrial  energy 
savings.  Unfortunately,  current  NASA  plans  do  not  call  for  aggressively 
-exploiting  this  area. 

E.4  GOVERNMENT  ACTIONS 

As  discussed  in  Chapter  1,  legal  instruments  currently  exert  major  effects 
on  energy  usage,  pricing  and  availability  in  all  sectors  of  the  U.  S.  economy. 
One  program  speaker  [GT-75,1]  commented  that  all  energy  prices  in  the  U.  S. 
are  in  effect  set  by  legal  statute  rather  than  the  costs  of  production. 
Interstate  regulation  of  natural  gas  prices  is  one  example  of  this.  Clearly, 
this  type  of  government  control  impinges  on  industry  in  at  least  two  ways; 

(1)  the  prices  industry  must  pay  for  energy  are  part  of  the  manufacturing 
cost  and  consequently  influence  demand  for  any  industries  output  and  (2) 
prices  consumers  pay  directly  for  energy  also  influences  demand  (e.g.  auto- 
mobiles, houses,  etc.)  for  industrial  commodities. 

In  this  area  of  energy  prices,  a major  decision  is  before  Congress.  The 
Emergency  Petroleum  Allocation  Act  (EPAA)  which  gives  authority  to  control 
U.  S.  crude  oil  prices  is  due  to  expire  on  August  31,  1975.  The  president's 
plan  to  decontrol  oil  prices  was  defeated  in  the  House  of  Representatives  in 
late  July.  A bill  (&  1849)  whose  only  provision  is  a six  month  extension  of 
the  EPAA  was  sent  by  Congress  to  the  president.  Since  presidential  action 
was  to  threaten  a veto  of  this  bill,  and  congressional  session  adjournment 
was  to  precede  presidential  action,  the  entire  price  structure  for  petroleum 
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TABLE  E. 3. 8-1,  NASA  TECHNOLOGY  WITH 
POTENTIAL  FOR  ACHIEVING  INDUSTRIAL  ENERGY  CONSERVATION 


Industrial 

Item 

I . Sensors 

Reference 

Application 

Cryogenic 
Thermocouples 
[<  500  K) 

[MOE-68,5] 

Power  Transmission 
(Cryogenic  Super  Conductor 
Monitoring) 

High  Temperature 
Thermocouples 

[MOE-68,15] 

Combustion  System 
Instrumentation 

Gas  Temperature  Mea- 
suring Thermocouples 

[MOE-68,23] 

Glass  Manufacture 

Energy  Transfer  Gauges 

[MOE-68,55] 

Process  Heaters 

II.  Induction  Heating 

[LEA-69,4] 

Rapid  Heating  Coal 
Gasification  Process 

fll.  Confined  Gas 
Dynami cs 

[ROB-72,171] 

Turbines,  expanders 

(and  consequently  other  energy  sources)  is  now  uncertain.  The  following 
Table  E.4-1  presents  the  analysis  of  the  Staff  of  the  House  Subcommittee  on 
Energy  and  Power  of  the  effects  of  the  President's  decontrol  plan  and  an  alter- 
native to  this  decontrol,  (H.R.  7014).  It  is  apparent  that  the  Staff 
anticipates  major  unemployment  and  reduced  GNP  if  oil  price  controls 
are  phased  out.  Mr.  F.  Zarb,  FEA  administrator,  criticized  the  Staff 
analysis  on  the  grounds  that  they  (1)  assumed  an  OPEC  initiated  oil 
price  increase;  (2)  did  not  consider  future  administration  monetary 
policies  that  would  be  changed  if  large  scale  undesirable  impacts  resulted. 

In  any  case,  the  effects  of  oil  price  decontrol  will  be  large  and  far 
reaching.  FEA  predicts  greatly  improved  domestic  oil  supplies,  and  the 
Staff  warns  of  large  scale  unemployment,  decrease  in  GNP,  and  increasing 
inflation . 

Another  area  of  impact  of  legislation  on  industrial  energy  usage  is  in 
efficiency  standards.  At  least  three  pending  federal  bills,  H.R.  7104,  S.  1908,  and 
S.  1149  address  this  subject  Basically,  they  call  for  collecting  energy  usage 
data  from  industry,  establishment  of  efficiency  standards,  initiation  of  in- 
dustrial energy  monitoring  programs  and  monitoring  of  adverse  effects  due  to 
the  initiated  legislation.  H.R.  7014  specifically  calls  for  the  2000  largest 
industrial  energy  consumers  to  reduce  energy/unit  output  by  20%  by  1980 
(1972  base).  The  impacts  of  such  legislation  under  other  than  large  amounts 
of  direct  energy  usage  will  be  reduced.  Questions  such  as  total  capital  re- 
quired, total  technical  manpower  needed  (scientists  and  engineers)  have  not 
been  well  answered.  In  this  respect,  it  seems  apparent  that  there  will  be  a 
shortfall  of  engineers  since  it  is  currently  predicted  [LC-75,1550]  that 
there  will  not  be  sufficient  engineers  for  the  pov/er  industries  alone  and 
bills  such  as  H.R.  7014  are  also  expected  to  require  large  numoers  of  engin- 
eers . 


To  eliminate  the  need  for  legislation  of  the  type  described  above,  indus- 
try, DOC,  and  FEA  have  entered  into  a joint  voluntary  program  to  reduce  indus- 
trial energy  consumption  per  unit  of  output.  Goals  developed  in  Federal  agen- 
cy meetings  with  the  industries  and  their  trade  associations  were:  [IEC-75-2] 

1980  goal 


Aluminum  Association  ) 10% 
American  Iron  and  Steel  Institute  10% 
American  Paper  Institute  10% 
American  Petroleum  Institute  15% 
Manufacturing  Chemists  Institute  15% 
Portland  Cement  Association  10% 


1973  baseline;  all  others  are  1972  baseline 

The  stringency  of  these  requirements,  as  they  relate  to  past  industry  perform- 
ance is  discussed  in  the  sections  of  industrial  energy  conservation  potential 
of  the  major  energy  users. 
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TABLE  E.4-1. 


t PROJECTED  IMPACTS  OF  OIL  PRICE 
DECONTROL  OR  IMPLEMENTATION  OF  HR  7014 

(Projected  change  in  Annual  Rates  as  of:  ) 

■75:4  '76:2  '76:4 '77j2 '77:4 


REAL  G.N.P.  (Billions  $ ’58) 

President's  Plan  - as  submitted 
with  FEA  analysis 

President's  Plan  - staff  analysis  * 
vs.  Current  Controls 

H.R.  7014  - staff  analysis  * 
vs.  Current  Controls 


Wumber  of  Unemployed  (,000's) 

President's  Plan  - as  submitted 
with  FEA  analysis 

President's  Plan  - staff  analysis  * 
vs.  Current  Controls 

H.R.  7014  - staff  analysis  * 
vs.  Current  Controls 

CONSUMER  PRICE  INDEX  % 

President's  Plan  - as  submitted 
with  FEA  analysis 

President's  Plan  - staff  analysis  * 
vs.  Current  Controls 

H.R.  7014  - staff  analysis  * 
vs.  Current  Controls 

WHOLESALE  PRICE  INDEX  % 


President's  Plan  -as  submitted 
with  FEA  analysis 

President's  Plan  - staff  analysis  * 
vs.  Current  Controls 

H.R.  7014  - staff  analysis  * 
vs.  Current  Controls 

HOUSING  STARTS  (,000's  units) 

President's  Plan  - as  submitted 
with  FEA  Analysis 

President’s  Plan  - staff  analysis  * 
vs.  Current  Control s 

H.R.  7014  - staff  analysis  * 
vs.  Current  Controls 


AUTOMOBILE  SALES  (.OOP's  units) 

President’s  Plan  - as  submitted 
wij^h  FEA  analysis 

President's  Plan  - staff  analysis  * 
vs.  Current  Controls 

H.R.  7014  - staff  analysis.* 
vs.  Current  Controls 


not 


-0.2 

-0.6 

-2.2 

-4,7 

submitted 

-0.6 

-2,6 

-8.3 

-17.1 

-26,0 
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+8,9 

not 


0 

0 

0 

+1  oo 

submitted 

0 

+100 

+200 

+500 

+800 

0 
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-100 
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+0.08 

+0.18 

+0.35 

+0.57  not 
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+0.18 

+0.46 

+0.90 

+1.47 

+2.06 

-0.19 

-0.39 

-0.54 

-0.62 

-0.62 

+0,03 

+0.46 

+0.97 

+1.53 

not 

submitted 

+0.74 

+1.73 

+3.09 

+4.61 

+6.13 

-0.77 

-1.47 

-1.65 

-1.65 

-1 .58 

-1 

-15 

-53 

-89 

not 

submitted 

-4 

-51 

-177 

-273 

-268 

+8 

+41 

+78 

+83 

+28 

0 

0 

-100 

-200 

not 

subnitted 

0 

-lOQ 

-400 

-800 
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0 
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f Based  on  Data  Resources  Incorporated  Model 
* 


Prepared  by  the  Staff  of  the  House  subcommittee  on  Energy  and  Power 


Another  area  of  legislative  impacts  on  industrial  energy  is  government 
funded  research  and  development  (R  and  D).  In  general  R and  D is  expected 
to  make  a large  impact  on  both  industrial  energy  supplies  and  conservation. 
Energy  supply  work  is  largely  to  be  conducted  by  ERDA  and  those  preliminary 
plans  are  known.  Industrial  energy  R and  D (including  conservation}  will  be 
done  in  large  part  by  the  Inter-Industry  Programs  Division  [LS-75jl}]  of 
ERDA.  Other  Federal  Agency  energy  research  work  is  summarized  in  a 
recent  publication  by  Congress.  [FEM-71,1]  Guides  to  industrial  energy  con- 
servation work  using  currently  available  technology  have  been  published  by  the 
National  Bureau  of  Standards  in  the  EPIC  program  (Energy  Conservation  Program 
in  Industry  and  Commerce)  and  in  a forthcoming  publication  - The  Waste  Heat 
Management  Program.  The  EPIC  Program,  of  which  more  than  50,000  copies  have 
been  purchased  by  industrial  groups,  is  a >general  guide  to  energy  conservation 
practice  through  such  techniques  as  energy  balances,  economic  analysis,  etc. 

The  Waste  Heat  Management  Manual  is  a more  specialized  publication  dealing 
with  a methodology  for  maximizing  energy  savings  through  waste  heat  recovery. 
Both  programs  will  apparently  have  large  influences  on  industrial  practices. 

In  addition  to  federal  legal  action,  there  are  many  existing  and  pending 
state  and  local  legislative  actions.  Preliminary  evaluations  of  state  laws 
in  some  representative  states  (Florida,  Wisconsin,  Texas,  Oregon,  Ohio  and 
Vermont). reveals  that  very  few  laws  are  producing  energy  conservation  and 
may  entail  excessive  energy  usage  [GT-75,1].  The  total  magnitude  of  such 
energy  usage  is  unknown. 

One  characteristic  of  legislation  at  this  level  is  that  the  authority 
is  close  to  the  energy  consumer  (upon  whom  the  legislation  will  impact).  Poss- 
ible methods  through  which  the  states  could  implement  conservation  tactics 
would  be  to:  (.1)  direct  public  utility  commissions  to  set  and  enforce  insul- 
ation standards;- and  (2)  to  determine  power  plant  sitings  to  allow  industry 
to  utilize  waste  heat.  [GT-75,1]  The  potential  for  these  actions  and  the 
extent  to  which  they  will  be  put  into  practice  is  also  unknown. 

The  above  discussion  leads  to  the  conclusion  that  government  actions 
influence  and  control  industrial  energy  usage  (and  conservation)  as  much 
-as  any  other  factor. 

E. 5 ACTIONS 

When  the  group  attacked  the  problem  of  conservation  in  industry,  it 
became  evident  immediately  that  finding  hard  data  in  any  form  other  than 
that  presented  by  the  National  Petroleum  Council  (Table  E.5-1)  was  going  to 
be  a difficult  task.  Since  most  reports  discuss  energy  conservation  efforts 
in  terms  of  the  overall  saving  achievable  by  six  of  the  most  energy- 
intensive  industries,  determining  the  energy  action  is  extremely  difficult. 

The  diversity  within  a particular  industry,  in  addition  to  the  diversity 
within  the  industrial  sector  itself,  complicates  the  problem.  One  of  the 
obstacles  that  has  been  encountered  by  investigators  trying  to  estimate  the 
potential  for  energy  savings  is  the  fact  that  until  the  embargo  most 
industrial  records  of  energy  use  were  limited  to  the  quantity  and  cost  of 
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TABLE  E.5-1.  ESTIMATED  CONSERVATION  POTENTIAL 
INDUSTRIAL  SECTOR  — 1974-1978 
(Based  on  1972  Energy  Consumption)  [NPC-74,28] 


Potential  Savings 
Per  Unit  Of  Output 


Industry  (Percent) 

Primary  Metals  (Steel,  aluminum,  etc.)  5* 

Chemicals  20 

Petroleum  Refining  15 

Agriculture 

Farming  2 

Food  Processing  10 

Automobile  Manufacturing  10 

Paper  15 

Remaining  Industries  10 


Weighted  Average 


10 


* The  5 percent  savings  for  primary  metals  is  extrapolated  from  the 
steel  and  aluminum  projections  as  these  metals  make  up  the  primary 
portion  of  the  primary  metals  group. 


This  Table  summarizes  the  estimated  potential  savings  of  energy 
through  conservation  efforts  for  the  individual  industries  through  the 
1974-1978  period.  These  figures  represent  potentials  for  the  industries 
on  the  average  and  should  not  be  viewed  as  necessarily  applicable  to 
individual  companies  where  past  conservation  measures  may  have  already 
effected  a significant  savings. 
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the  various  fuels,  seldom  having  an  accurate  indication  of  timeof 
consumption  or  flow  within  the  plant.  Since  such  records  were  inadequate 
for  a detailed  analysis,  industries  (who  are  generally  interested  in 
conserving  energy  only  in  cases  where  the  economics  favor  conservation) 
first  had  to  spend  time  mapping  the  energy  flow  and  use  within  their  plants^’ 

When  the  task  group  first  began  trying  to  identify  conservation  actions 
in  the  industrial  sector,  an  attempt  was  made  to  categorize  the  actions 
under  the  broad  topics  — increased  efficiency,  reduced  demand,  and  substi- 
tution. It  became  evident  very  quickly  that  time  would  not  allow  each 
member  of  the  task  group  to  familiarize  himself  with  each  of  the  six 
industries  chosen  for  study.  Therefore,  it  was  decided  that  each  member 
would  try  to  familiarize  himself  with  conservation  actions  within  an 
-industry.  After  collecting  data  on  various  conservation  actions,  it  was 
decided  that  such  actions  could  generally  be  grouped  into  three  categories: 
(1)  improved  combustion  efficiency,  (2)  process  improvements,  and  (3) 
good  housekeeping  measures.  A non-inclusive  list  of  conservation  actions 
is  included  in  Section  E.5.5. 


E.5.1  CONSTRAINTS  — AN  OVERVIEW 

In  general  it  has  been  found  that  since  the  Arab  embargo,  industry 
has  been  taking  advantage  of  the  energy  savings  inherent  in  performing  many 
of  these  good  housekeeping  measures.  For  example,  the  refining  and  chemi- 
cal industries  have  already  achieved  a 7.5%  reduction  in  energy  consumption 
[Wells  - 75].  Since  most  conservation  actions  included  in  the  good  house- 
keeping category  are  actions  requiring  little  or  no  capital  investment, 
these  actions  were  most  attractive  in  terms  of  energy  savings  as  well  as 
from  an  economic  point  of  view. 

With  regard  to  conservation  actions  in  the  other  categories, 
industry,  in  general,  treats  those  measures  involving  capital  improvements 
the  same  as  any  other  capital  outlay.  That  is,  investment  should  take 
place  up  to  the  point  where  the  rate  of  return  is  equal  to  the  opportunity 
cost  of  alternative  investment  projects.  The  measures  considered  must  not 
only  meet  this  criteria,  but  generally  must  have  a payback  period  of  less 
than  two  years  [EEA-74,4-24]. 

According  to  one  study  [PRE-75],  the  economics  of  rising  fuel  costs 
will  probably  be  sufficient  incentive  for  industry  to  conserve  fuel  even 
though  capital  investment  will  be  required.  Since  capital  dollars  used  to 
improve  energy  efficiency  will  not  be  available  for  other  improvements, 
there  may  be  a conflict  of  interest  in  certain  areas,  for  example,  environ- 
mental regulations  requiring  large  capital  investment.  The  government'^ 
should  be  aware  of  this  requirement  for  capital  investment  and  the  possible 
conflict  of  interest. 

Another  extremely  important  constraint  on  industry  that  has  a decided 
effect  on  energy  consumption  and  capital  requirements  is  curtailment  of 
natural  gas.  Since  conversion  away  from  natural  gas  toward  other  fuels 
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has  been  taking  place  at  a rapid  rate,  some  captial  investment  has  already 
been  committed  and  additional  capital  will  be  required  for  these  conversions. 
Consequently,  even  though  this  conversion  may  be  sensible  from  a national 
policy  perspective,  in  the  short  run  it  is  a drain  on  financial  resources. 
Also,  fuel  conversion  typically  involves  an  energy  penalty.  It  is  obvious 
from  the  outspoken  position  of  many  companies  in  favor  of  deregulation  of 
natural  gas  prices  that  availability  is  more  important  than  price.  In 
fact,  insuring  the  availability  of  fuel  supply  is  such  a significant 
consideration  in  some  industries  that  they  have  expanded  their  investments 
in  coal  mines  and  are  considering  investments  in  low  BID  coal  gasification. 
Even  though  such  investments  are  understandable  from  an  industrial  per- 
spective, this  commitment  of  capital  will  reduce  the  capital  available 
for  energy  conservation  action,  which,  in  turn,  will  result  in  an  overall 
energy  penalty. 

In  some  instances  the  possibility  of  conserving  fuel  will  be  limited 
by  facts  outside  the  control  of  the  industry  — for  example,  glass  container 
production  is  expected  to  decrease  by  20%  by  2000  due  to  the  conversion 
from  nonreturnable  bottles  and  to  reduced  glass  container  volume.  The 
substitutes  intended  to  replace  glass  containers  should  be  analyzed  care- 
fully in  terms  of  whether  or  not  this  action  will  be  less  energy  intensive 
before  the  switch  is. made.  Much  controversy  has  already  arisen  concerning 
the  net  energetics  of  returnable  vs.  nonreturnable  glass  containers. 

Another  example  of  a constraint  imposed  on  an  industry  from  outside  is 
the  specification  of  octane  quality  for  gasoline.  There  is  a direct 
relationship  between  product  quality  and  energy  consumption  within  the 
refining  industry.  During  the  1950's,  automobile  manufacturers  increased 
compression  ratios  to  achieve  better  automotive  performance.  This  trend 
continued  through  the  sixties  forcing  the  petroleum  industry  to  improve 
the  octane  quality  of  gasoline.  One  method  used  by  the  industry  was  to 
add  tetraethyl  lead  to  the  gasoline  pool.  This  trend  was  reversed  in  the 
early  1970's  with  the  advent  of  emission  control  systems,  and  in  1973  the 
U.  S.  Environmental  Protection  Agency  promulgated  regulations  restricting 
the  use  of  lead  in  gasoline.  Unless  the  octane  quality  of  the  entire 
gasoline  pool  is  significantly  reduced,  the  production  of  gasoline  with 
reduced  lead  content  levels  could  result,  in  a significant  increase  in  energy 
consumption  per  barrel  of  refined  product  [EEA-74]. 

Additional  constraints  which  apply  to  the  industrial  sector  in  general 
Include: 


in  the  face  of  rising  coal  demands,  a continued  decline  in  coal 
quality  will  lead  to  energy  penalties; 

deteriorating  fuel  quality  and  the  desire  to  reduce  dependence 
on  foreign  supplies  may  boost  energy  usage; 

lower  output  growth  will  tend  to  perpetuate  use  of  less  efficient 
installations. 


Additional  possible  constraints  identified  by  the  National  Petroleum 
Council's  study  [NPC-74,  28]  are  the  availability  of  technical  manpower  and 
environmental  concerns. 
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There  is  strong  industry  concern  over  the  availability  of  technical 
manpower  to  identify,  evaluate  and  implement  energy  conservation  projects. 
There  is  a general  engineering  manpower  shortage,  and  demand  for  operation, 
modernization  and  expansion  will  compete  with  energy  conservation  needs. 

Small  companies  with  limited  technical  staffs  will  find  it  difficult  to 
assign  the  necessary  technical  effort  to  energy  conservation  [NPC-74,  29], 

Energy  conservation  programs  are  sometimes  in  conflict  with  environmental 
standards.  These  standards  may  necessitate  process  changes  that  result  in 
increased  use  of  energy.  An  example  is  the  reduction  in  coke  production 
in  the  steel  industry  due  to  problems  in  meeting  air  and  water  quality 
standards,  which,  in  turn,  has  increased  the  use  of  direct  oil  injection 
in  blast  furnaces.  Another  example  is  in  petroleum  refining  where  desul- 
furization of  residual  fuel  oil  to  comply  with  environmental  regulations 
applicable  in  many  areas  requires  an  equivalent  of  3 to  4 percent  of  the 
quantity  of  oil  desulfurized  as  energy  for  the  desulfurization  process 
[NPC-74,  29].  Increased  emphasis  on  pollutant  removal  from  water  and  air 
released  from  pulp  and  paper  mills  tends  to  increase  energy  consumption. 


These  and  other  constraints  will  be  extremely  important  in  determining 
energy  consumption  and  savings  in  the  industrial  sector.  Sections  E.5.2 
and  E.5.3  will  be  devoted  to  a discussion  of  some  general  actions  under 
the  categories  increased  combustion  efficiency  and  process  improvement. 

E.5.2  INCREASED  COMBUSTION  EFFICIENCY 

As  can  be  seen  from  the  non-inclusive  list  of  conservation  actions 
presented  in  Section  E.5.5,  there  is  a host  of  conservation  actions  which 
can  be  grouped  under  the  increased  combustion  efficiency  category,  which 
has  been  identified  as  one  of  the  areas  of  greatest  potential  savings 
[PRE-74,  3-4];  Much  of  the  energy  lost  in  the  industrial  sector  could  be 
avoided  through  better  equipment  maintenance  and  improved  systems  control. 

By  far  the  most  important  item  in  this  group  is  fire  heater  combustion 
control. 

Efficient  firing  of  fuel  is  extremely  important.  For  example,  according 
to  one  study  [EEA-74,4-13]  direct  process  heating  fuel  requirements  accounts 
for  78%  of  total  refinery  energy  consumption.  Insufficient  fuel  combustion 
generally  results  from  two  factors:  (1)  excess  air  in  the  combustion 

chamber  and  (2)  operating  heaters  in  excess  of  designed  heat  duties.  Excess 
eir  leads  to  inefficiencies  as  the  heat  liberated  in  fuel  combustion  is 
wasted  in  warming  up  the  excess  air.  Careful  control  through  the  use  of 
louvers  or  dampers  can  increase  heater  efficiencies  in  many  cases  by  as 
much  as  10  to  15%.  Caution  must  be  exercised,  however,  because  insufficient 
air  intake  can  lead  to  incomplete  combustion.  The  operation  of  heaters 
in  excess  of  designed  heat  duties  leads  to  heat  losses  primarily  in  the 
form  of  stack  gas  energy  losses.  Monitoring  stack  gas  temperatures  can 
provide  an  efficient  technique  for  determining  if  heat  duties  are  in  excess 
of  requirements.  As  a rule  of  thumb  an  adjustment  which  reduces  the  amount 
of  excess  air  from  20%  to  10%  will  lead  to  a fuel  savings  of  1%  [EEA-74,  4-18]. 
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Assuming  that  70%  of  the  energy  consumption  1s  involved  in  combustion, 
approximately  0.15  quads  could  be  saved  in  1980  and  .18  quads  in  1985 
using  EEA's  projected  energy  consumption  by  all  manufacturing  [EEA-74,  1-32]. 

22.2  quad  x .70  x .01  = 0.15  quads  in  1980 

25.9  quads  x .70  x .01  = 0.18  quads  in  1985 


Power  Generation  Vs.  Purchased  Power 


Energy  savings  can  be  achieved  by  combining  power  generation  vn’th 
process  heating,  as  shown  in  Figure  E.5.2-1.  In  this  case  the  turbine 
operating  conditions  will  be  determined  by  the  process  in  order  to  fully 
utilize  the  exhaust  steam.  In  processes  when  low  pressure  steam  is 
utilized,  this  scheme  is  most  attractive.  If  more  electricity  is  generated 
than  can  be  used  internally,  it  may  be  sold  to  the  utility.  Obviously 
there  are  substantial  obstacles  to  implementing  this  action  — some  of 
which  will  be  addressed  in  Section  E.6. 

According  to  the  Center  for  Advanced  Computation's  numbers,  approxi- 
mately 9.6  quads  were  used  for  process  steam  in  1967  [CAC-75,  133-40]* 

This  represents  about  65%  of  the  total  energy  used  by  the  manufacturing 
sector  (14.765  quads  in  1967  according  to  the  data  in  the  EEA  study) 
[EEA-74,  1-32J.  Using  the  EEA  study  projections  and  this  65%,  14.43 
quads  will  be  used  for  process  steam  in  1980  and  17.0  quads  in  1985. 

According  to  the  analysis  presented  in  Potential  Fuel  Effectiveness 
in  Industry  [PFE-74,  74],  about  70  KW  of  electric  power  can  be  obtained 
for  every  million  BTU  per  hour  of  steam  required  bv  industrial  processes. 
Accepting  this-value  for  available  electricity  /10°  BTU/hr,  and  accepting 
the  EEA  study's  estimates  of  future  consumption,  and  then  correcting  for 
the  incremental  fuel  consumption  (43%)  used  for  electrical  generation 
results  in  the  following  approximate  savings  (assuming  that  this  conserva- 
tion action  were  implemented  by  the  entire  manufacturing  sector): 

14.4  x 10l5  bTU  x 70  KI,(  x 3.412  x lO^BTU  x 1 x.43 

~ ToWu/hr  kWh  .34 

= 4.36  quads  in  1980 
5.14  quads  in  1985 

Gyftopoulos  calculates  that  the  steam  flow  in  U.  S.  industry  in  1968 
(10.2  X 10^5  BTU  for  process  steam)  could  have  generated  7 x 10^^  kWh  or 
53%  of  the  total  U.  S.  electrical  production  in  that  year.  The  net  fuel 
savings  would  have  been  4.0  quads  or  30%  of  all  fuel  used  by  the  electric 
utilities  [PFE-74,  27]. 


(a) 


10®  BTU/HR. 


COMBINED  PROCESS  STEAM  RAISING  AND  ELECTRICITY  GENERATION  SCHEMES  FOR  PROCESS 
STEAM  AT  200  PS  I AND  10^  BTU/HR. 


FIGURE  £.5.2-1 
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Obviously,  many  industrial  operations  requiring  process  steam  are  too 
small  in  scale  to  permit  economical  generation  of  by-product  electricity. 
However,  an  opportunity  does  exist  for  an  enormous  fuel  savings  if  such 
practices  are  implemented  on  a broad  scale.  For  example,  if  one  assumes 
that  only  fifty  percent  of  this  savings  can  be  achieved,  the  savings  is 
still  significant  — 2.18  quads  in  1980  and  2.57  quads  in  1985,  The  saving 
per  major  industrial  sector  based  on  its  percentage  of  process  steam 
according  to  CAC  data  is  presented  in  Table  E.5.2-1. 

Implementation  of  this  type  of  conservation  action  will  require  the 
development  of  markets  for  fay-product  power  through  utility  networks  since 
many  industries  will  become  net  producers  of  electricity.  In  other  words, 
the  expanded  production  of  by-product  power  will  not  be  aimed  at  the  elec- 
trical needs  of  industry  but  at  the  national  problem  of  fuel  conservation. 
Obviously  cooperation  between  industry  and  the  utilities  will  be  required. 
The  effect  of  this  type  of  action  on  the  peaking  problem  and  the  need  for 
utility  expansion  should  be  evaluated.  Industry  may  be  reluctant  to 
implement  this  type  of  action  unless  they  feel  more  secure  about  their 
fuel  source.  Perhaps  the  assurance  of  fuel  supply  would  be  a strong 
incentive  for  implementation.  In  addition,  there  is  an  economic  incentive 
for  implementation  as  shown  by  the  following  calculation  based  on 
Table  E.5.2-2.  The  incremental  capital  cost  in  ^/kWh  can  be  found  for 
various  process  pressures  in  Table  E.5.2-2.  Averaging  these  capital 
charges  and  assuming  that  only  50^  of  the  industries  implement  Cogeneration 
results  in  a capital  cost  of  $2.42  x 10^  by  1980: 

14.43  X 10^^  BTU  X 70  KM'  x .48^/kWh  x .50  = 

10*^  BTU/hr 

$2.42  X 10^  capital  cost 


In  Table  E.5,2-2,  the  capital  charges  range  from  0*33  to  0.604/kWh  and 
are  much  the  same  for  steam  turbines  and  gas  turbines.  The  total  of  fuel 
and  capital  charges  ranges  from  0.74  to  1.10^/kWh.  It  would  seem  reason- 
able to  put  the  cost  in  practice  at  approximately  H/kWh-.  which  may  well 
be  a profitable  figure  at  pre-Arab  embargo  fuel  costs.  If  fuel  costs  were  to 
double,  this  figure  would  increase  by  less  than  50^,  whereas  costs  in  a 
central -station  plant  would  doubtless  increase  by  a larger  percentage 
since  1 kWh  generated  by  the  combined  plant  requires  about  430Q  BTU 
while  that  generated  by  a central -station  plant  requires  10,000  BTU. 
[PFE-74,26] 

The  cost  figures  include  no  incremental  labor  charge.  If  any,  it 
should  probably  be  added  as  a charge  per  hour  of  power  generation.  Thus, 
for  an  incremental  charge  of  $1.00  per  hour  applied  to  operating  hours,  the 
labor  cost  would  be  100/p  cents  per  kilowatt  hour  when  p kilowatts  are 
generated.  For  values  of  P in  excess  of  1000  KW,  the  labor  cost  need  not 
be  prohibitive.  [PFE-74,  27]. 
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TABLE  E.5.2-1.  POTENTIAL  SAVINGS  USING  502  CO-GENERATIOK^ 


1980 

1985 

Quads 

Quads 

Food  and  Kindred  Products 

.17 

.20 

Paper 

.24 

.28 

Chemicals 

.47 

.56 

Refining 

.41 

.48 

Stone,  Clay,  Glass 

.25 

.30 

Primary  Metals 

.38 

.45 

Other 

.25 

.30 

These  savings  would  be  obtainable  only  if  502  of  the  manu- 
facturing sector  had  implemented  this  conservation  action  by  1980 
and  1985.  Obviously,  this  is  an  extremely  important  assumption 
and  it  needs  to  be  evaluated  in  terms  of  its  potential  and  percent 
achievability. 

^ Calculated  from  data  from  [CAC-75, 133-140] 


ORIGMAIi 

POOR.  QUALIIS.  TABLE  E.5.2-2.  CAPITAL  AND  FUEL  CHARGES  AGAINST  ELECTRICAL 

POHER  AS  A BY-PRODUCT  OF  PROCESS  HEAT* 
[PFE-74,  26]. 


Process  Pressure,  psi 

200 

200 

400 

200 

50 

Power- Unit 

Steam  & 
Gas  Turb. 

GdS 

Turb. 

Steam 

Turb, 

Steam 

Turb, 

Steam 

Turb. 

Gas-Turbine  cost 

10,000 

8400 

- 

- 

Steam-Turbine  cost 

2400 

- 

1700 

2450 

3850 

Boiler  Increm.  cost,  $ 

4250 

0 

740 

4030 

4630 

Boiler  Cost  without 
power 

2930 

2930 

5860 

2930 

2930 

Boiler  cost  with  power 

7180 

2930 

6600 

6960 

7560 

By-product  power,  KW 

148 

84 

34 

49 

77 

Heating  value  to 
boiler  x 10'°,  BTU/hr 

1.23*** 

1.0** 

1.20 

1.27 

1.37 

Total  increm.  capital' 

16.650 

8400 

2440 

6480 

8480 

Capital  charge,  4/kWh 

0.51 

0.46 

0.33 

0.60 

0.50 

Fuel  Charge/  ^/kWIl 

0.41 

0.41 

0.41 

0.41 

0.41 

Capital  and  fuel 
charge/  ^/kWh 

0.92 

0.87 

0.74 

1.01 

0.91 

* Units  are  10®  BTU/hr  delivered  to  process  steam,  fuel  input  rates 
are  based  upon  higher  heating  values. 

**  Heating  value  to  gas  turbine  1.42  x 10°  BTU/hr. 

***  Heating  value  to  gas  turbine  1.68  x 10°  BTU/hr. 
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As  can  be  seen  from  Table  E. 5.2-2,  Gyftopoulos  assumes  a 0.41  fuel 
charge,  which  would  result  in  a $2.07  x 10^  fuel  cost  for  1980: 

14.43  X 10^^  BTU  X 70  KW  x .4H/kWh  x .50  = 

10°  BiU/hr 

$2.07  x 10^ 

Thus,  a total  cost  of  about  $4.5  x 10^  would  be  incurred  by  industry. 

However,  if  the  generated  electricity  could  be  sold  at  about  1.60(^/ 
kWh  [average  value  extracted  from  FOSTER-74,  8],  resulting  in  a $8.1 
x TO^  return,  the  payback  period  would  be  less  than  a year.  Obviously 
, the  salaries  of  the  additional  skilled  employees  required  has  not  been 
considered. 

The  capital  and  fuel  cost  per  industry  assuming  50%  implementation  by 
1980  is  shown  in  Table  E. 5.2-3,  assuming  the  same  percentage  of  process  steam 
as  in  Table  E.5.2-.1. 

Obviously,  this  kind  of  a breakdovm  for  capital  cost  and  return  by 
industry  is  not  very  meaningful  until  someone  looks  into  exactly  how  much 
electricity  each  industry  really  could  supply.  However,  it  is  interesting 
that  0.3  quads  savings  compared  to  0.41  can  be  predicted  for  the  refining 
industry  by  another  indirect  calculation  (but.  based -.on  Oyftopoulos's 
numbers).  Using  the  590  x 10®  tons  output  in  1968  and  Business’s  Outlook’s 
capital  output  figures  for  that  year  one  can  obtain  the  dollars/ton  ratio 
which  can  then  be  used  with  the  capital  output  projection  to  estimate  total 
output  in  tons  for  1980  and  1985.  Then  using  Gyftopoulos 's  estimates  of 
0.43  X 10°  BTU/ton  savings  [PFE-74,  57]  in  the  refining  industry  yields 
0.3  quads:  


5.90  X 10^  ton  X $3.18  x 10^°  x 0.43  X 10^  BTU 
$2.67  X 10'U  ‘ ton 

= 0.30  X 10^5  Bjg  = 0,30  quads  in  1980 


5,90  X 10^  tons  x $3.43  x 10^*^  x 0.43  x 10®  BTU  = 0.33  quads  in  1985 
$2.67  X lolO 


Additional  problems  related  to  industry's  increasing  Its  internal 
power  generation  include  erratic  steam  demands,  smaller  scale  compared  to 
utilities  and  anti-trust  issues.  All  of  these  issues  must  be  considered 
before  the  type  of  action  is  implemented.  One  example  of  this  action  and 
the  resulting  legislative  action  is  discussed  in  Section  1.4. 


On  the  other  side  of  the  picture,  the  utilities  will  probably  not  be 
very  optimistic  about  this  type  action  since  they  would  no  longer  be  the 
producer  and  may  be  the  intermediary  in  electrical  production  in  this  case. 
Obviously,  the  pha'se-in  would  have  to  be  scheduled  in  cooperation  with 
utilities  in  order  to  insure  sufficient  electricity  but  not  an  over  supply. 


TABLE  E.5.2-3.  CAPITAL  AND  FUEL  CHARGE 
{BILLIONS  $) 


1980 

1980 

1985 

1985 

Cost 

Return 

Cost 

Return 

Food  and  Kindred  Products 

.35 

0.63 

.41 

.69 

Paper 

.49 

0.88 

.68 

1.00 

Chemicals 

.98 

1.76 

1.15 

1.99 

Refining 

.85 

1.51 

.99 

1.71 

Stone,  clay,  glass 

.52 

0.94 

.62 

1.06 

Primary  metals 

.78 

1.30 

.94 

1.69 
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Along  with  the  type  of  power  recovery  scheme  discussed  above  is  the 
possibility  of  recovering  useful  work  from  steam,  waste  flue  gases  and 
process  steam. 

Typical  examples  would  include: 

Steam  pressure  reduction  by  let-down  through,  a turbine  to 
drive  a process  pump.  The  exhaust  steam  in  turn  being  used 
for  process  heat; 

Steam  let-down  through  a turbine  to  drive  an  electric  generator; 

Steam  let-down  through  a thermocompressor  to  recompress  low 
pressure  waste  steam  to  some  intermediate  level; 

Use  of  catalytic  cracking  regenerator  gas  (in  a refinery)  to 
drive  turbines  and  generate  power,  and 

Use  of  hydraulic  turbine  to  recover  energy  from  high  pressure 
liquid  streams. 


Hydraulic  Turbines 


■ Hydraulic  turbines  are  used  to  recover  power  from  high  pressure 
process  streams.  Shell  Oil  has  18  hydraulic  turbine  installations  ranging 
from  230  to  1,800  horsepower  and,  according  to  Shell,  units  below  the  230 
HP  range  vrill  not  become  more  attractive  as  energy  prices  increase. 


Energy  Savings 

The  energy  savings  will  vary  depending  on  the  size  of  the  unit.  One 
example  provided  by  Shell  for  a 500  HP  hydraulic  turbine  demonstrated  that 
the  yearly  power  savings  from  a unit  of  this  size  would  be  roughly  3.2 
million  kWh. 

The  incremental  cost  of  the  unit  was  approximately  $50,000.  At  9 mils 
per  kilowatt  hour  this  unit  would  have  resulted  in  a payback  of  1.73  years, 
i.e.  (yearly  savings): 

(3.2  x 10^  kWh)  x $.009  = $28,800 

Thus,  the  payback  on  recovery  is 

$50,000  = 1.73  years  [EEA-74, 4-28] 

$28,800 

At  the  higher  energy  prices  presented  below  the  payback  is  much  more  attractive 
as  shown  in  Table  E.5.2-4,  Undoubtedly,  at  these  energy  prices  which  range 
between  $.0303  and  $.041  per  kilowatt  hour,  investments  such  as  these  should 
be  exploited.  Shell's  18  hydraulic  turbines  have  resulted  in'  a new  savings 
of  65.6  million  kwhr  ('6.54  x lOH  BTU)  per  year  which  is  about  3.5%  of  their 
yearly  electrical  bill.  [EEA-74, 4-28]. 
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TABLE  E.5.2-4.  PAYBACK 


Case 

Reference 
{$/bb1  crude) 

Savings 

($) 

Payback 

(years) 

I 

$4.00 

$96,960 

.52 

II 

7.00 

111,680 

.45 

III 

n.oo 

■131,200 

.38 
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E.5.3  PROCESS  IMPROVEMENT 

As  can  be  seen  from  the  non~inclus1ve  Inst  of  conservation  actions  in 
Section  E.5.5,  there  are  a number  of  actions  that  can  be  grouped  under  the 
process  improvement  category.  Two  of  these  actions  — air  preheating  and 
recycling  — are  discussed  in  this  section. 


E.5.3.1  REGENERATIVE  AIR  PREHEATING 

Heat  recovery  from  stack  gases  v/hich  contain  12-25%  of  heat  liberated 
by  the  fuel  combustion  can  be  accomplished  in  two  ways; 

install  tubes  in  the  stack  and  pass  process  liquid  through 
the  tubes  to  absorb  heat;  and 

use  exhaust  gases  to  preheat  combustion  air. 

The  use  of  stack  gases  to  heat  process  liquid  is  widely  practiced. 

However,  there  still  exist  many  opportunities  to  improve  the  degree  of 
heat  recovery  by  this  method.  The  use  of  combustion  air  preheaters,  a 
more  recent  development,  is  one  of  the  most  promising  conservation  actions 
in  energy  conservation. 

Air  preheaters  are  used  to  heat  cold  combustion  air  by  transferring 
heat  from  escaping  flue  gases.  One  air-preheat  system  is  shown  in  Figure  E.5.3.1 -1. 


Energy  Savings 

Studies  have  shown  that  inclusion  of  a regenerative  air-preheater 
system  can  result  in  a 10-15%  increase  in  furnace  efficiency  which 
represents  a 15-25%  fuel  savings  (2.3  to  3.9  quads  in  1980  and  2.7  to 
4.5  quads  in  1985).  Table  E.5.3. 1-1  shows  a comparison  of  boiler  efficiency 
with  and  without  air  preheaters.  The  net  energy  savings  is  roughly  17.4 
MMBTU  per  hour  which  would  reduce  energy  consumption  by  roughly  16% 

[EEA-74,  4-26]. 

Air  preheaters  may  generally  be  added  to  existing  furnaces  without 
difficulty  and  are  being  incorporated  increasingly  in  new  plants.  As 
with  convection  sections,  the  use  of  a preheater  is  governed  by  economic 
considerations.  Estimates  of  the  energy  savings,  operating  costs,  capital 
cost  of  the  unit  and  estimated  payback  period  at  various  energy  prices  as 
presented  by  the  EEA  study  are  shown  below  [EEA-74, 4-26]. 

Energy  Savings 

17.6  MMBTU  per  hour  x 9000  hrs  per  year  = 140.8  x 10^  BTU 


Heat  Exchanger) 


FIGURE  E. 5. 3. 1-1.  AIR-PREHEAT  SYSTEM  [PRE-74,  8-20] 


TABLE  E. 6. 3. 1-1. 

COMPARISON  WITH  AND  WITHOUT  AIR  PREHEATERS  [EEA-74,4-26] 


Without  With 

Air  Preheater  Air  Preheater 


Absorbed  Duty 

MMBTU/hr 

83 

83 

Ambient  Air 

°F 

80 

80 

Gas  Temp  to  Air 
Heater 

“F 

660 

Gas  Temp  leaving 
Air  Heater 

°F 

319 

Gas  Temp  to  Stack 

T 

815 

291 

Excess  Air 

% 

30 

15 

Furnace  Efficiency 

% 

75.7  LHV 

90.2  LHV 

BTU's  Fired 

MMBTU 

109.6 

92.0 

Energy  Savings  =17.5  MMBTU/hr 
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Energy  Cost 

Operation  of  the  induced  draft  fan  (70.8  hp),  the  forced  draft  fap 
(36.8  hp)  and  the  air  preheater  motor  (1.5  hp)  would  require  6.51  x 10^  kWh: 

109.1  HP  X 0.746  KW/HP  x 8000  hr  = 6.51  x 10^  kWh 

At  0.015^/kWh  the  operating  cost  would  be  $9,770  compared  to  the' operating 
cost  without  the  preheater  system  --  $140,800  at  $1. 00/MM  BTU  --  resulting 
in  a net  savings  in  operating  cost  of  $131,030  per  year  [PI-74-7,,  149]. 


Capital  Cost  $125,000  [EEA-74,  4-26] 

This  cost  includes  the  total  cost  of  the  system  including,  installa- 
tion. Another  estimate  of  the  increased  cost  for  the  preheater  system,  as 
built  on  a new  heater,  is  of  the  order  of  $250,000  [PI-74,  7 -149]. 

Payback 

The  calculations  in  Table  E.5.3.1-2  show  that  under  any  of  the  fuel 
price  scenarios  this  particular  investment  provides  for  less  than  a two- 
year  payback  period.  The  impact  of  the  higher  fuel  price  is  to  reduce  the 
payback  period  from  1.5  years  to  .5  years.  An  economic  analysis  of  air 
preheater  systems  can  also  be  found  in  Prengle's  work  [PRE-74,  8-32]. 

Using  Prengle's  total  capital  investment  versus  heat  recovered  plot 
(Figure  E. 5, 3. 1-2)  resulted  in  the  following  capital  investment  for  the 
quad  savings  estimated  for  industry  as  a whole  if  air  preheaters  were 
installed: 


Quads 

Investment  (10^) 


1980 
2.3  - 3.9 
$.20  - $.30 


1985 

2.7  - 4.5 
$.22  - $.34 


E.5.3.2  ACTION  - INTRODUCTION  OF  PREVIOUSLY  PROCESSED  MATERIALS  INTO  THE 
PRODUCTION  STREAM 

The  total  output  of  a manufactured  product  is  the  sum  of  primary  and 
secondary  production.  Most  frequently,  the  secondary  production  Includes  re- 
cycled materials  as  outputs  from  processing  products  (old  scrap).  Less  fre- 
quent, but  just  as  important,  are  the  introduction  of  filler  materials  which 
are  less  energy  intensive  but  which  provide  an  end  product  with  the  desired 
properties.  The  secondary  production  takes  advantage  of  the  previous  energy 
history  of  the  material  with  the  tendency  to  reduce  the  energy  per  unit  total 
output. 


Cost  of  Air  Preheater  and  Fans,  $1000 


TABLE  E. 5. 3. 1-2. 

EFFECT  OF  OIL  PRICE  ON  PREHEATER  PAYBACK  PERIOD  [EEA-74,  4-27]. 


Payback 

Period 

(Years)' 

Energy 

Savings/Year 

($1000) 

Operating 

Cost/Year 

($1000) 

Net 

Savings/Year 

Case  r 
($4/bbl) 

1.5 

$102.8 

$19.7 

$83.1 

Case  II 
($7/bbl) 

,85 

169.0 

22.7 

146.3 

Case  III 
($ll/bbl) 

.54 

259.1 

26.7 

232.4 

FIGURE  E. 5. 3, 1-2.  CAPITAL  INVESTMENT  VS.  HEAT  RECOVERED 
[PRE-74,  8-33] 
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The  use  of  pre-processed  materials  in  production  is  governed  by  some  gen- 
eral requirements:  the  scrap  must  be  collected,  transported,  separated,  and 

prepared.  Each  of  these  requirements  poses  a special  set  of  conditions  for 
each  different  manufacturing  process. 

The  matter  of  time  frame  is  generally  handled  in  the  near  term  (1985). 

The  feasibility  depends  heavily  on  capital  requirements  and  growth  of  demand 
for  the  product. 

The  obstacles  of  secondary  production  are  the  reliability  of  supply  and 
the  useful  lifetime  of  products.  Inherent  in  both  are  the  attitudes  and  will- 
ingness of  the  demand  sector  to  participate  in  the  production  process. 
Frequentlv,  difficult  nrenaration  steps  are  required  prior  to  the  introduc- 
tion of  materials  into  production. 

Since  the  waste  stream  is  a vital  source  of  the  materials  of  secondarv  oro- 
duction  and  the  waste  stream  is  primarily  in  the  social  and  political  domain, 
it  is  necessary  to  make  some  political  and  social  impact  to  accomplish  the 
collection  of  old  scrap.  In  the  short  term  economics  will  play  a vital  role 
in  determining  the  supply  of  scrap.  In  the  long  run,  the  design  of  the  chan- 
nel for  the  waste  stream  will  be  a vital  concern.  Ultimately,  the  system 

must  be  economically  attractive,  capable  of  reliable  recovery,  environmentally 
sound,  and  suitable  for  the  long  term. 

There  are  several  major  industries  where  scrap  can  and  vnll  play  a vital 
role  as  the  raw  material  for  secondary  production  — aluminum,  steel,  glass, 
paper,  and  cement. 

Figure  E. 5. 3. 2-1  shows  a simplified  aluminum  flow  diagram.  It  illustrates 
the  difference  in  fuel  input  between  primary  and  secondary  production.  The 
secondary  production  requires  only  5%  of  the  fuel  needed  which  demonstrates 
a highly  effective  v;ay  of  reducing  fuel  requirements  (0.2  quad  savings). 
Assuming  that  all  discarded  products  (consider  lifetimes  in  Table  E. 5, 3.2-1) 
and  14%  of  total  production  of  new  scrap,  the  recycling  rate  is  33%. 

The  technical  feasibility  is  good.  The  obstacle  is  the  reliability  of 
supply.  The  impact  of  major  production  would  be  to  reduce  the  import 
of  ore  (bauxite).  As  the  imported  ore  is  not  a direct  energy  cost  there 
may  appear  to  be  some  loss  in  the  energy  accounting. 

Recycling  scrap  steel  with  pig  iron  in  the  refining  process  is  a second- 
ary production  process.  Assuming  a large  cold  metal  charge  (98%)  the  savings 
are  large  wl  quad.  [EEA-74]  However,  in  this  instance  there  is  a large  cap- 
ital expenditure  as  there  must  be  a shift  from  the  open  hearth  furnace  to  the 
basic  oxygen  furnace  and  the  electric  furnace.  There  is  good  technical  feas- 
ibility but  the  economics  are  unfavorable  unless  there  is  growth  in  the  in- 
dustry. A shift  in  the  technology  would  make  impact  in  the  energy  supply  in- 
dustry by  causing  a major  shift  in  fuels. 


The  glass  industry  is  using  new  scrap  to  a small  extent  v/ith  a 
potential  savings  of  0.006  quads.  There  is  a reluctance  to  use  old  scrap 
because  of  the  excessive  problems  in  preparation.  It  may  be  possible  to 
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FIGURE  E. 5. 3.2-1.  SIMPLIFIED  ALUMINUM  FLOW/' DIAGRAM 


TABLE  E. 5. 3. 2-1.  AVERAGE  USEFUL  LIFETIMES  FOR  ALUMINUM  PRODUCTS  [PFE-74,74]. 


END-PRODUCT  USE 

% OF  TOTAL  CONSUMPTION 

AVERAGE  PRODUCT  LIFETIME 

Building  and  Construction 

28.  IX 

Infinite 

Other 

7.4X 

Infinite 

Transportation 

18.2X 

5 years 

Containers  and  Packaging  . 

15. 4X 

2 years 

Electrical 

14. 5X 

25  years 

Consumer  Durables 

9.8X 

5 years 

Machinery  and  Equipment 

6.6X 

10  years 
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utilize  scrap  in  other  products  such  as  insulation  materials  where 
preparation  of  the  scrap  would  be  less  of  a problem.  Glass  recycling  is, 
however,  dependent  on  the  use  of  glass  containers  and  there  are  indications 
that  there  v/ill  be  a reduction  in  the  use  of  glass  containers;  a short 
term  recycling  solution  may  be  attractive. 

Recycled  paper  requires  less  than  1/4  as  much  fuel  as  paper  made  from 
the  raw  wood  product.  One  obstacle  would  be  a parallel  development  to  use 
paper  as  a fuel.  This-  would  eliminate  any  energy  savings  in  using  recycled 
paper  in  secondary  production. 

Cement  poses  a unique  opportunity  to  use  a material  by-product  from 
combustion  (fly  ash)  as  a substitute  material  in  cement  production.  It  is 
estimated  that  as  much. as  20%  may  be  substituted  with  nearly  a direct 
energy  savings  (0.08  quads)  [Faber-75], 


E.5.4  SPECIFIC  ACTIONS  BY  INDUSTRY 

In  this  section,  the  conservation  actions  in  both  the  general  and 
specific  categories  are  identified  by  industry.  This  section  simply  Shows 
how  certain  actions  were  first  identified  by  industry  and  then  expanded 
to  the  industry  sector  as  a whole. 


E. 5.4.1  REFINING 


Refining 

The  major~energy  consumers  in  the  refining  process  are  the  direct- 
fired  heaters.  Though  the  process  heaters-crude  heaters  and  vacuum  heaters 
have  efficiencies  of  75  and  80%  respectively,  there  is  still  room  for 
improvement.*  Reducing  the  stack  temperature  to  350°F  will  result  in  a 
savings  of  7.5  M BTU/hr.  This  would  yield  a savings  of  9.2  M BTU/hr  or 
7.4  X 10*^  BTU/hr.  Air  preheating, -better  insulation,  reduction  in  stack 
gas  temperatures  and  decreasing  the  excels  air  can  improve  efficiencies  to 
90%.  This  would  yield  a savings  of  31.3  M BTU/hr  or  2.5  x loTl  BTU/hr  , 
or  a 17.5%  reduction  In  fuel  usage  [PRE-74,  4-19]. 

Another  important  area  of  energy  consumption  is  the  distillation 
columns.  The  use  of  steam  in  the  columns  should  be  investigated  to  see 
if  there  is  an  over  use  of  steam.  A 2%  savings  in  steam. usage  will  result 
in  a savings  of  1.85  x 10^*^  BTU/hr.  Added  savings  can  result  from  opti- 
mizing the  side  refluxes  on  each  column  as  feed  composition  changes.  This 
can  be  achieved  by  computer  control.  Also  regulating  the  vacuum  pressure 
with  changes  in  feed  composition  will  also  conserve  energy  [PRE-74,  4-20]. 


*The  crude  heater  has  a damper  control  to  regulate  excess  air,  but  is  not 
on  computer  control.  A computer  is  available  in  the  unit  which  could  be  used. 
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An  annual  savings  of  7.5  - 11  x 10^°  BTU/yr  or  2-3%  of  the  total 
energy  consumed  in  the  process  can  be  realized  using  one  preheating  scheme 
[PRE-74,  4-20]. 

The  following  are  estimates  of  total  energy  savings  in  the  refining 
process : 


% of  Total 

General  - Good  Housekeeping,  better 

operation  of  columns  5.0% 

Capital  investment  measures 

Process  Heaters  17.0% 

Preheat  Crude  Train  2.5% 

Total  24.5% 


With  the  above  estimates  the  specific  energy  will  be  reduced  to 
0.81  M BTU/ton. 

Most  energy  in  a refinery  is  derived  from  the  combustion  of  fuels. 
On  an  industry-wide  basis,  combustion  operations  are  72.8%  efficient. 
The  upper  limit  on  achievable  combustion  efficiencies  is  90%.  This 
indicates  that  combustion  efficiencies  can  be  improved  19.3%  with  a 
savings  of  1.56  x 10^^  BTU/yr  based  on  1973  energy  consumption  in  Texas 
refineries  alone.  [PRE-7-,4-22] 


An  estimated  5-10%  reduction  in  energy  consumption  can  be  obtained 
by  good  housekeeping  measures  previously  mentioned.  The  capita!  invest- 
ment measures  will  require  several  years  before  savings  can  be  realized. 
[PRE-74,  4-22] 

The  present  specific  energy  consumption  can  be  reduced  30.1%  of  its 
present  value  (3.5  x 10^  BTU/ton  input)  to  2.45  x 10°  BTU/ton  input.  The 
combustion  losses  were  obtained  from  process  heaters  evaluated  throughout 
industries  in  Texas.  The  average  combustion  efficiency  of  72.8%  was 
applied  to  obtain  the  process  heat  and  electric  generation  values.  There 
are  inefficiencies  in  the  refining  process  and  electric  generation  excluding 
combustion  which  are  included  in  parts  b and  c under  combustion  in  Table 
E. 5. 4. 1-1.  [PRE-74, 4-24] 

The  present  savings  in  specific  energy  consumption  (SEC),  is  composed  of 
capital  and  non-capital  energy  saving  methods.  Table  E. 5. 4. 1-1  gives  the 
percent  savings  in  SEC  due  to  capital  and  non-capital  investments.  The 
SEC  values  can  be  reduced  17.7%  by  capital  investment  and  1%  by  better 
operation  and  maintenance  of  combustion  units.  [PRE-74, 4-24] 
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TABLE  E. 5. 4.1-1. 

ENERGY  CONSERVATION  POTENTIAL.  [PRE-74,  4-24] 

% of  Estimated  % 


Items  — In  Order  of 
Maqnitude  (and  Priority) 

Total 

Enerqy  Use 

Savings 
in  SEC 

Qualification 

1.  Combustion 

% 

97.0 

a.  Process  Heat 

Direct  - 43.6% 
Steam  - 18.1% 
{Goes  into  process 
operations) 

61.7 

10.0  • 

7.5%  good  housekeeping 
2.5%  capital  investment 

b.  Losses 

27.4 

18.7  j 

.17.7%  capital  investment 
1%  good  housekeeping 

c.  Electric  Generation 

10.9 

1.1 

2.  Purchased  Electric 
Power  Consumption 

3.0 

.3 

j.03%  good  housekeeping 
|.27%  capital  investment 

100.0 

30.1 

Estimated  reduction  can  be  achieved  in  approximately  6.6  years,  implemented 
as  follows  in  Texas  : 

1.  Immediate  reduction  8.63% 

2.  In  1.5  years  6.00% 

3.  Next  5.1  year^  3%  reduction  for  each  year  15.47% 

30.1% 
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The  process  heat  used  in  the  refinery  unit  operations  can  be  conserved 
by  good  housekeeping  measures  to  reduce  the  SEC  by  7.5%  and  capital  invest- 
ment reducing  the  SEC  by  2.5%  in  the  case  study  would  be  typical.  Good 
housekeeping  in  the  operation  of  turbines  for  electric  power  generation 
and  better  maintenance  of  electric  drives  can  reduce  the  SEC  by  .03%. 
Capital  investment  in  improved  turbines  and  electric  drives  would  reduce 
SEC  by  0.27%  [PRE-74,4].  Table  E. 5. 4. 1-2 shows  the  demand  and  energy  growth 
predicted  by  Prengle  for  Texas. 


The  non-capital  investment  measures  can  be  implemented  immediately. 
The  greatest  energy  saving,  mainly  due  to  waste  heat  recovery,  purchasing 
greater  heat  transfer  area,  and  greater  preheating  of  streams  can  be 
implemented  in  1-1/2  years  (planning  and  construction).  The  other  capital 
investments  will  take  longer  and  an  estimate  of  3%  per  year  based  on  1973 
value  could  be  saved  by  these  measures  [PRE-74,  4-25]. 


Power  Generation  vs.  Purchased  Power 

A variation  was  found  in  the  trends  to  buy  power  or  generate  it  in 
the  refineries  in  Texas.  Energy  savings  can  be  achieved  by  combining  power 
generation  with  process  heating.  In  this  case  the  turbine  operating  condi- 
tions will  be  determined  by  the  process  in  order  to  fully  utilize  the 
exhaust  steam.  In  processes  where  low  pressure  steam  is  utilized,  this 
scheme  is  most  attractive.  Another  arrangement  is  the  use  of  gas  turbines 
to  generate  power  combined  with  waste-heat  steam  generation.  Figure  E. 5. 4. 1-1 
Illustrates  the  comparison  between  power  plant  efficiency  and  a near  optimum 
refinery  cycles  The  refinery  cycle  has  an  efficiency  of  76%  while  the 
power  plant  overall  efficiency  is  23%.  [PRE-74,  4-16]. 

In  some  cases  the  substitution  of  steam  turbine  drives  for  electrical 
drives  has  been  more  economical.  Condensing  turbines  using  low  pressure 
steam  are  more  economical  than  electric  motors.  Condensing  turbines  can 
utilize  steam  produced  from  waste  heat  recovery  procedures  [PRE-74,  4-16], 


Other  Considerations 


A major  consideration  is  the  operation  of  a refinery  at  reduced  capaci- 
ties. Fuel  consumption  may  rise  considerably  with  reduced  plant  levels  of 
10-25%.  To  minimize  this,  the  trend  will  be  to  install  multiple  units  rather 
than  the  operation  of  large  units  at  reduced  capacity.  In  the  case  of 
mechanical  drives,  two  units  may  be  installed  and  one  will  be  shut  down  at 
reduced  capacity  operations. 


TABLE  E. 5. 4. 1-2. 
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DEMAND  & ENERGY  GROWTH  [PRE-74,  4-25] 


1973 

1974 

1980 

1985 

1)  Demand  (tons) 

81x10® 

1 

84x10® 

1122x10® 

166x10® 

2)  Energy  Consumption  (Btu) 

1.3x10^® 

1.35x10^^. 

1.39x10^® 

1,84x10^^ 

3)  Specific  Energy  Consumption 
(SEC)  MBtu/ton 

16.1 

16.1 

11.8 

11.1 

Basis:  Year  1974 


Product  Demand  Grov/th  Rate  to  1980 
Product  Demand  Grov/th  Rate  to  1985 

Energy  Demand  Growth  I^te  to  1980 
Energy  Demand  Growth  Rate  to  1985 

0,301  X 11 .8  X 10^  BTU  y 122x10^  = 
ton 

Estimated 

Savings 


6.4% 

6.4% 


.5% 

2.8% 


0.43  quads  saved  in  1980  in  Texas 


0.301  X 11.1x10®  X 166x16^  = 0.55  quads  in  1985 


ELECTRIC  cycle 


FUEL  314 


TOTftL- l,IB8nun  BTU/HR  LOSS:  362mm  BTU/HR  PRODUCT:  826 it>m  BTU/HR 

100%  ^ 24%  ^ 76% 


FIGURE  5. 4. 1-1.  COMPARISON  BETWEEN  NEAR  OPTIMUM 
ENERGY  CYCLE  FOR  A REFINERY  WITH  A TYPICAL  ELECTRIC  CYCLE.  [PRE-74,4-15] 


Of  prime  importance  is  the  design  of  new  and  more  effective  catalysts. 
Since  catalytic  related  operations  have  become  so  important  in  the  refining 
of  crude  oil,  more  emphasis  should  be  placed  on  improving  catalysts  [PRE- 
74,  4-16], 

Domestic  petroleum  import  policy  is  extremely  important  in  this  area. 
If  the  U.  S.  adopts  a policy  which  discourages  imports  of  refined  products, 
it  could  have  a significant  impact  on  the  number  and  configuration  of  new 
refineries.  Such  a policy  would  encourage  the  development  of  refinery 
capacity  which  more  closely  parallels  domestic  demand  for  refined  products. 
This  would  imply  a reversal  of  the  trend  toward  increasing  light  product 
yields  in  favor  of  additional  heavy  oil  production. 

A second  factor  which  relates  to  the  U.  S.  import  policy  is  the 
composition  of  crude  oils  which  wii;i  be  processed  by  domestic  refineries. 
Processing  heavier  crude  oils  such  as  those  imported  from- Venezeul a can 
require  up  to  20  percent  more  eriergy  than  lighter  crudes.  In  general,  the 
crude  oils  purchased  from  the  Middle  East  and  Africa  are  lighter  and  lower 
in  sulfur  content  than  domestic  crude  oils.  A shift  away  from  these  lighter 
crudes  may  lead  to  an  increase  in  process  energy  requirements,  provided  that 
the  supplemental  crude  supplies  have  a higher  specific  gravity  and  sulfur 
content. 


Better  instrumentation  and  computer  control  will  improve  energy  use 
(NASA  technology).  Good  instrumentation  must  be  available  to  obtain  operating 
data  on  a process  before  major  energy  conservation  measures  can  be  properly 
analyzed.  Computer  control  can  be  applied  to  crude  distillation  in  order  to 
optimize  product  recoveries  as  well  as  in  the  combustion  process. 


There  is  a limited  amount  of  information  on  the  economics  of  energy 
conservation  within  the  refining  industry,  but  a summary  of  a Shell  Oil 
Company  study  is  illustrative.  Shell  Oil  Company  undertook  a comprehensive 
energy  conservation  program  starting  in  mid  1972,  This  program  considered 
all  aspects  of  their  production  refining  and  marketing  operations.  With 
regard  to  refining.  Shell  set  a goal  of  10  percent  energy  savings  in  four 
years  based  on  1971  total  usage.  Within  the  first  year  and  a half  of  the 
program  they  had  achieved  605^  of  their  goal. 

Shell's  refinery  energy  conservation  program  included  both  capital 
and  noncapital  savings.  The  percentage  savings  in  the  first  year  and  a 
half  were  fairly  equally  divided  betv/een  the  capital  and  noncapital  projects. 
Major  capital  projects  and  estimated  energy  savings  are  outlined  below: 
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Shell  Energy  Conservation  Program 

Major  Capital  Expenditures  [EEA-74-,  4-23] 

1.  Direct  fired  heater  performance 

a.  convection  section  revisions 

Savings:  400,000  barrels  per  year 

b.  Installation  of  electronic  furnace 

Savings:  100,000  barrels  per  year 

2.  Electrical  System 

a.  installation  of  flux  gas  expanders 
catalytic  cracking  units 
Savings;  382,000  barrels  per  year 

b.  installation  of  hydraulic  turbines 

power  from  liquid  streams 
Savings:  124,000  barrels  per  year 

3.  Vapor  Recovery 
a.  installation  of  floating  roofs  in  tanks 

Savings:  85,000  barrels  per  year  (4.7x10*^  BTU) 

4.  Total  Energy  Savings 

Savings:  1 ,091,000  barrels  per  year  (6.0x10^^  BTU) 

Savings  as  percent  of  total  consumption:  6% 


(2.2x10''2  bTU) 

optimizers 
(S.SxlO^'  BTU) 

in  fluid 
(2. 0x1  o'' 2 BTU) 
to  recover 
(6.8x10^^  BTU) 


In  general,  all  the  measures  undertaken  by  Shell  with  the  exception  of 
floating  roofs  on  storage  tanks  provided  for  less  than  a two  year  payback 
period.  Therefore,  based  on  the  estimated  savings  of  roughly  1.1  million 
barrels  (6.0x10' 2 bTU)  the  total  capital  cost  of  these  projects  was  less 
than  $10  million.  Assuming  that  similar  savings  could  be  achieved  by  other 
refiners  using  these  techniques  the  total  capital  cost  to  the  industry  would 
be  somewhere  in  the  neighborhood  of  $100  to  $150  million  dollars.  This 
calculation  is  based  on  the  fact  that  Shell  ovms  approximately  8%  of  U.  S. 
refining  capacity  [EEA-74,  4-24].  These  calculations  were  based  on  1972-73 
energy  prices.  Assuming  that  other  refineries  could  obtain  similar  savings, 
the  total  saving  for  refineries  Instituting  these  conservation  measures 
could  be  approximately  7.5x10  BTU. 


E. 5.4.2  FOOD  AND  KINDRED  PRODUCTS 

The  EEA  report  made  no  recommendations  as  to  the  potential  for  conserva- 
tion in  the  food  processing  area  other  than  noting  the  suggestions  bv  some 
people  that  government  regulations  dealing  with  food  processing  be  relaxed 
to  some  degree.  However,  such  an  action  must  be  carefully  evaluated  before 
it  is  implemented. 
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The  installation  of  Tempi  if iers  (heat  pumps)  to  utilize  waste  heat  is 
one  conservation  action  that  has  been  proposed  by  Westinghouse  [WEST-75,C"4] . 
According  to  the  report,  in  the  food  industry,  temperature  requirements  of 
processes  served  by  fossil  fuels  are: 

Temperature  (°F)  % of  Fuel 


<230 

61 

231  - 400 

22 

>400 

6 

Space  Heat  & Wise, 

13 

Energy  substitutions  by  2000  are  as  follows: 

33%  of  under  230° F needs  supplied  by  Tempi ifiers  (C0P=6) 

45%  of  231-400°F  needs  supplied  by  Tempi ifiers  (C0P=3) 

10%  of  industry  fossil  fuels  (baking,  etc.)  shifted  to  electric 

(Electric  at  100%  increase  in  end-use  efficiency) 
25%  of  industry  fossil  fuels  shifted  to  electric  boilers 

(Electric  at  95%  efficiency) 

30%  of  industry  fossil  fuels  shifted  to  coal  (in  1972,  Coal  consumption 

was  14%  of  Fossil  fuel 
consumption) 

Using  the  data  supplied  by  VJestinghouse,  the  energy  that  can  be  saved 
by  installing  Tempi ifiers  (heat  pumps)  to  utilize  some  of  the  waste  heat 
in  the  food  industry  is  about  0.18  quads.  This  energy  saving  was  determined 
by  using  the  following  calculation: 


^ (-.33)  (1.439)  (.61)  = ,12 

^ converting  the  time  frame  from  25  years  to  10  years  (1985  rather  than  2000) 

.33  Westinghouse 's  estimated  substitution  of  Tempi ifiers  in  processes 
under  230°F 

1.439  total  energy  use  projected  for  the  food  industry  in  1985. 

.61  percentage  of  fuel  in  the  <230°F  range 
10 

Is"  (.45)  (1.439)  (.22)  = 0.06  in  the  231-400  temperature  range 
.12  + .06  = 0.18  quads  in  1985 
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Approximately  316  thousand  barrels  of  petroleum  per  day  (1.74x10  BTU/day 
or  0.6  quads/year)  were  consumed  in  the  area  of  farm  equipment  in  1972  [NPC- 
74,  90],  With  regard  to  the  saving  of  fuel  in  this  area,  the  implementation 
of  improved  energy  management  and  induced  tillage  practices  have  a combined 
potential  of  saving  23,000  barrels/day  (0.04  quads/yr)  in  1978  [NPC-74,  90], 


E. 5.4.3.  paper 

This  section  lists  several  actions  that  can  be  taken  in  the  paper  indus- 
try to  reduce  energy  consumption.  The  actions  are  broken  down  into  three 
classifications:  (1)  good  housekeeping,  (2)  improve  combustion  efficiency, 
and  (3)  process  improvements. 

The  EEA  study  estimates  that  more  than  10%  energy  savings  can  be  achieved 
by  good  housekeeping  measures  by  1975  as  compared  to  1972  figures.  The 
industry  energy  usage  was  39.9x10®  BTU/ton  in  1972,  and  the  production  was 
59.5  tons.  [EEA-74,  2-12]. 


Increase  recovery  in  waste  heat  boilers  of  fuel  equivalent  in  bark  and 
spent-pulp  liquor;  the  1967  industry  average  can  be  improved  by  at  least 
25%,  from  14.5x10®  to  18.0  x 10®  BTU  per  ton  of  paper  tPFE-74,62]. 

Most  conservation  actions  can  be  classified  as  process  improvements. 

Below  Is  a list  of  selected  actions  along  with  the  source  of  the  information: 

Exploit  all  opportunities  to  produce  electricity  prior  to  generating 
1 ow-temperature  process  steam,  and  sell  surplus  electricity  to 
utilities  [PFE-74,  62]. 

Increase  recycling  of  waste  paper.  The  industry  trend  throughout 
the  1960's  was  toward  less  recycling,  even  though  recycled  paper 
requires  less  than  1/4  as  much  fuel  as  paper  made  from  raw  wood 
products  [PRE-74,62]. 

Incorporate  paper-forming  processes  which  require  less  fuel 
for  drying;  specifically.  Thermo  Electron's  Lodding  K-Former^^ 
can  reduce  the  water  throughput  by  as  much  as  a factor  of  4, 
and  the  fuel  demand  of  the  paper-making  phase  of  production 
55%.  Most  of  the  saving  is  due  to  the  reduced  drying  requirements 
that  result  because  of  less  stratification  in  the  wet  sheet  — 
more  water  can  be  pressed  from  the  sheet  prior  to  entering  the, 
dryer  section  [PFE-74,61], 

Increase  the  integration  of  pulping  and  paper-making  operations 
to  eliminate  fuel  used  for  pulp  drying  prior  to  shipment  from 
the  pulp  mill  to  the  paper  mill,  which  requires  3.4x10®  BTU  per 
ton  of  pulp  dried  [PFE-74,61]. 
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Increase  use  of  continuous  rather  than  batch  digesters.  Continuous 
digesters  reduce  fuel  consumption  by  1.3x10°  BTU  per  ton  [PFE-74,61]. 

Improvement  of  techniques  and  practices  which  decrease  broke 
(unusable  paper),  minimization  of  grade  changes  on  the  paper 
making  machines  and  increase  In  pulp  yields  [NPC-74,42]. 

Avoidance  of  over  drying  paper  (a  1%  decrease  in  moisture  content 
at  the  dry  end  of  the  paper  machine  can  require  almost  3%  more 
steam)  [NPC-74,42]. 

Increased  effectiveness  of  the  press  section  (a  1%  average 
decrease  in  moisture  delivered  to  the  dryers  by  the  press 
section  can  be  achieved  by  various  control  methods  and/or  press 
improvements.  Because  moisture  level  is  on  the  order  of  60%  at 
this  point,  net  steam  savings  is  upwards  of  5%  of  the  steam 
used  in  the  dryers.)  [NPC-74,42]. 

Use  of  hot  exhaust  air  from  gas  turbines  for  paper  drying 
[NPC-74,42]. 

Increasing  the  use  of  wood  refuse  and  other  solid  wastes  as 
fuels  (NPC-74,42]. 

Improvement  of  water  pollution  abatement  procedures.  (This  can 
mean  substantial  savings  of  heat  if  approached  via  reduction  of 
fresh  water  usage  through  recycling  and  can  achieve  plantwide 
steam  savings  of  up  to  10%. ) [NPC-74,42]. 

Improvement  of  process  ventilation  methods  (for  example,  the 
closed  paper  machine  hood  achieves  a 5-10%  steam  saving  by 
using  less  air  to  vent  the  evaporated  moisture.  In  cold  climates, 
the  elevated  temperatures  which  result  from  closing  the  hood 
present  an  opportunity  for  heat  reclamation  by  economizers  and 
result  in  even^  greater  savings.)  [NPC-74,42]. 

The  cumulative  effect  of  implementing  various  conservation  actions  in 
the  paper  industry  is  summarized  in  Table  E. 5, 4. 3-1. 


E.5.5  CONSERVATION  ACTIONS 

The  section  is  intended  to  provide  a general  nonindusive  list  of 
conservation  actions  that  have  been  proposed  by  various  individuals  and 
organizations.  Some  of  the  actions  are  very  general  while  others  are  quite 
specific  and  apply  to  only  one  or  two  industries.  No  ranking  of  these 
actions  is  intended. 
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TABLE  E. 5. 4. 3-1.  CUMULATIVE  EFFECT  OF  CONSERVATION 
MEASURES  ON  TOTAL  FUEL  USAGE  IN  PAPER  AND  ALLIED  PRODUCTS  1971-1990 

[EEA-74,2-27] 


Year  Decrease  from  1971  I/O  Coefficient  (40  MMBTU/T) 


Measure^. 

Estimated 

L 

j 

Projected 

71/72 

73/75'  j 

76/80 

81/85 

j 86/90 

MMBTU 

1 

MMBTU 

i 

MMBTU 

MMBTU  % 

MMBTU 

1 

Housekeeping 

2.9 

7.25 

6.1  15.25 

6.4 

16.00 

6.4  16.0 

6.4 

16.0 

Process 

Improvement 

0.5 

1.25 

1.0 

2.50 

2.0 

5.00 

3.0  7.5 

4.0 

10.0 

Integrated 

Shift 

.3 

.75 

1.0 

2.50 

1 .7 

4.25 

2.6  6.5 

3.0 

7.5 

Best  Practical 
Control 

0.0 

0.00 

0.0 

0.00 

-.4 

j 

-1.00  ! 

-.4  -1.0 

-.4 

-1 .0 

Combine  generation  of  steam  and  electricity 

Increase  recuperation  for  all  combustion 

Develop  industrial  energy  engineering 

Fix  or  maintain  steam  traps 

Beneficate  ores 

Substitute  fuels 

Recycle  materials 

Reduce  sensible  heat  loss 

Use  by-product  gases  to  replace  natural  gas 

Use  continuous  casting  methods 

Eliminate  reheating 

Replace  oversized  motors 

Minimize  make-up  air 

Clean  heat  transfer  surfaces 

Minimize  air  pressure 

Shut  down  equipment  not  in  use 

Eliminate  energy  use  over  off -times 

Apply  peak  demand  controls 

Increase  combustion  efficiency 

Reduce  steam  losses 

Increase  heat  exchange  betv/een  processes 

Reduce  drying  requirements 

Increase  integration  of  operations 

Recycle  materials 

Alternative  processes 

Oxygen  enrichment  of  air  feed 

Reduce  current  density 


Place  burners  in  regions  of  endothermic  reactions 

Change  the  product  mix 

Improve  operating  and  maintenance 

Monitor  energy 

Keep  insulation  repaired 

Reduce  excess  air  feed 

Investments  in  energy  conservation  hardware 
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APPENDIX  F.  A STUDY  OF  ENERGY  CONSERVATION  IN  THE 
TRANSPORTATION  SECTOR 


Chapter  6 of  this  report  presented  background  to  this  subject  and 
a summary  of  the  results.  This  Appendix  has  been  written  to  convey  in 
somewhat  more  detail  the  methodology  that  was  used  in  arriving  3t  the 
results.  Also,  this  Appendix  lists  all  actions,  illustrates  how  the 
specific  ones  were  selected  for  study,  and  tabulates  the  assessment  results. 
At  the  end  of  this  Appendix,  some  energy  envelope  curves  are  presented 
and  discussed,  and  a view  toward  the  future' in  transportation  is  offered. 


F.l  METHOD  ADOPTED 

The  systems  analysis  approach  was  adopted.  Consequently,  those  steps 
that  were  essential  to  the  study  were  first  identified. 

A basic  objective  to  our  study 

The  requirements  to  meet  the  objective 

General  constraints  and  criteria  of  importance 

Those  general  means  by  which  energy  conservation  can  occur 

A list  of  energy  conservation  actions,  and  classification  of 
these  actions 

A few  methods  of  assessing  the  impact  of  these  actions 

Comparison  of  the  actions  with  the  general  constraints  and  criteria  per- 
mitted the  list  to  be  reduced  considerably.  Completion  of  this  process 
was  followed  by  an  impact  assessment. 

A systems  analysis  diagram  is  shown  in  Figure  F.l-l  The  diagram 
combines  aspects  of  a system  analysis  diagram  and  that  of  a computer  flow 
chart.  Further,  it" emphasizes  the  important  difference  between  actions 
and  the  implementation  of  these  actions..  It  is  well  recognized  that 
many  actions  could  be  adopted,  - The  diagram  illustrates  that  worthwhile 
actions  are  first  identified  through  assessment;  the  means  by  which  these 
are  to  be  implemented  should  next  be  sought.  This  aspect  of  the  study  is 
quite  important,  and  it  is  likely  that  sub-sets  of  seemingly  valuable 
actions  must  be  assessed  together  before  a decision  as  to  a plan  of  action 
is  determined.  Viewed  in  this  manner,  Figui^e  F.l-;1  represents  not  only  a 
systems  analysis  diagram,  but  it  also  represents  a flow  chart  of  milestones 
that  must  be  accomplished  to  reach  the  goal.  At  various  stages  along  the 
way,  it  was  necessary  to  iterate  these  steps. 


FIGURE  F.1-1  SYSTEMS  ANALYSIS  DIAGRAM 
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FIGURE  F.l-I  (CONTINUED)  SYSTEMS  ANALYSIS  DIAGRAM  FOR  THE  TRANSPORTATION  SECTOR 
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The  systems  block  diagram  represents  a graphical  portrayal  of  a 
determination  process  wherein  items  are  conceived,  evaluated,  selected, 
re-evaluated  and  then  accepted  or  rejected.  Specifically,  a conceived 
action  that  will  perform  the  required  function,  satisfy  the  listed  con- 
straints, meet  the  selection  criteria,  and  produce  no  unacceptable  impacts 
becomes  a viable  candidate.  The  number  of  adoptions  becomes  a function 
of  the  number  desired  plus  the  outcome  of  a comparison  process  (trade-off) 
wherein  their  relative  merits  are  examined  and  arrayed. 


F.2.  CONSTRAINTS  AND  CRITERIA 

It  is  evident  that  in  a broad  study  of  this  sort,  both  specific 
constraints  and  criteria  evolve  as  the  study  progresses.  The  design 
group  identified  a general  list  of  constraints  and  criteria;  then  the 
transportation  task  force  further  clarified  these  for  its  evaluation  pur- 
poses. It  is  rather  important  to  recognize  that  some  of  these  constraints 
can,  in  fact,  be  altered.  Table  F.2-1  shows  that  most  of  the  constraints 
discussed  presently  are  variable,  and  this  is  particularly  true  if  one 
considers  that  an  attempt  is  being  made  to  consider  the  next  25-year 
period  if  not  longer.  It  is  evident  that,  at  each  level  of  the  assess- 
ment procedure,  both  the  constraints  and  criteria  must  be  reexamined, 

■perhaps  revised,  and  may  be  made  more  specific. 

Criteria  have  been  adopted  earlier  in  the  report,  and  the  transportation 
sector  group  used  them  in  assessing  proposed  actions.  The  very  first  — 
that  of  reducing  dependence  on  non-domestic  energy  — is  of  major  importance. 
It  has  previously  been  pointed  out  that  95%  of  all  transportation  energy 
is  presently  derived  from  petroleum  and  natural  gas.  Since  the  trans- 
portation sector  uses  40%  of  all  petroleum,  it  is  imperative  that  the 
transportation  sector  should  strive  to  use  the  supply  wisely  and  to  curtail 
its  use  where  possible. 

Consider  the  second  criteria;  Will  the  proposed  action  have  minimum 
or  desirable  environmental  impact?  It  is  already  well  recognized  that 
transportation  modes  play  a very  important  role  in  the  environment. 
Additionally,  efforts  to  eliminate  pollutants  have  been  at  odds  with  the 
need  to  save  energy.  Each  new  engine  possibility  must  be  weighed  from 
both  standpoints. 


F.3  POSSIBLE  ENERGY  CONSERVATION  ACTIONS  IN  THE  TRANSPORTATION  SECTOR 

AND  THEIR  POTENTIAL 

A listing  of  approximately  two  hundred  energy  conservation  actions 
has  been  identified  and  compiled.  The  list  is  far  from  complete;  yet, 
it  is  representative  of  the  types  of  actions  which  are  often  suggested. 
The  intent  here  is  to  present  those  which  were  considered  and  to  present 
the  methods  used  to  initially  filter  the  list.  In  order  to  evaluate 
these  actions,  they  were  first  listed  and  then  grouped  based  upon  two 
classification  schemes. 


TABLE  F.2rl  MODIFICATION  OF  THE  CONSTRAINTS  FOR  USE  IN  THE 

TRANSPORTATION  SECTOR 


1.  Political 

Written  Laws 
Popularity  Indicators 
Strategic  Posture 
Foreign  Relations  ' 

2.  Economic  Constraints 

Capital  Available  to  Each  Mode  Variable 

Personal  Expenditures  for 
Transportation  {%  of  Income)  Variable 

3.  Technological  Constraints 

Limits  of  Development  (Relatively 
smooth  changes  in  the  state-off 
the  art) 

Physical  Laws 
Implementation  Time  Frame 

4.  Social 

Population  Growth  Self-imposed,  Fixed 

Must  Consider  All  Groups  of  Persons  Self-imposed,  Fixed 

5.  Available  Resources 

Level  of  Fossil  Fuel  Available  Variable 

Manpower  Availability  Variable 

Construction  Material  Availability.  Variable 

Overall  Capital  Available  to  the 
Transportation  Sector  Variable 


Relatively  fixed 

Unalterable 

Variable 


Variable 

Variable 

Relatively  fixed 
Relatively  fixed 


The  first  of  these  classification  techniques  is  based  upon  the  primary 
means  to  achieve  energy  conservation:  impro.ved  system  efficiency,  substi- 

tution for  scarce  energy  resources,  and  curtailment  of  end  use.  the 
categories  were  further  subdivided,  and  all  proposed  actions  placed  within 
one  of  them. 

The  second  method  of  classification  is  simply  one  based  upon  the 
concept  of  a macro  system  (operational)  and  a micro  system  (design). 

For  example,  an  increase  in  rail  freight  transport  to  obtain  an  improved 
system  efficiency  would  be  classified  as  a part  of  the  macro  system. 

On  the  other  hand,  an  improvement  in  train  engine  efficiency  would  be 
classified  as  an  action  within  the  micro  system.  Both  classifications 
are  presented  in  Table  F.S*-!;  macro  classifications  are  indicated  with  an 
Oj  and  micro  classifications  are  indicated  by  an  S.  There  are  other 
nj&thods  of  classificatton  of  these  actions  (for  example,  by  mode);  however, 
tiiese  h.ave  not  been  used. 

Each  action  in  Table  F.3-1  was  examined  and  qualitatively  assessed 
by  members  of  the  group.  This  initial  assessment  represented  a quick 
evaluation  based  on  three  items: 

Energy  conservation  potential 

Ease  of  implementation 

Public  acceptance 

Compilation  of  the  results  showed  that  about  thirty-five  actions  were 
highly  rated.  However,  most  of  these  appeared  in  one  classification  area  — 
that  of  improving  system  efficiency. 

An  attempt  to  broaden  the  listing  was  made  by  requesting  from  each  group 
member  those  major  items  that  were  thought  to  be  important.  Again,  the 
list  was  primarily  restricted  to  the  single  area,  though  not  exclusively. 

In  hindsight,  it  seems  reasonable  that  the  group's  high  ratings  of  the  system 
efficiency  area  were  a result  of  each  group  member's  background.  (All 
members  attempted  to  solve  the  problem  by  providing  a technical  solution.) 

The  importance  of  this  discussion  is  the  recognition  of  the  need  to  involve 
individuals  with  a wide  range  of  backgrounds  in  addressing  problems  of  this 
sort.  Even  now,  a haunting  question  remains  concerning  the  selection  of 
persons  to  engage  in  a systems  analysis  of  the  problem. 

A very  interesting,  grand  experiment  would  be  to  formulate  a major 
problem  area,  and  then  ask  two  independent  groups  to  perform  a systems 
analysis  of  the  problem.  Each  group  would  be  presented  the  same  information, 
the  same  speakers,  etc.  Working  in  the  same  time  frame,  the  groups  would 
be  asked  to  present  a report  summarizing  their  own  solutions  to  the  problem. 
These  solutions  should  then  be  carefully  compared  to  establish  the  common 
ground  between  the  two  reports. 
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TABLE  CLASSIFICATION  OF  ACTIONS' 


Improve  System  Efficiency 

A.  By  means  of  a better  mix  of  modes 

1.  Provide  transport  centers  linked  to  urban  centers 

2.  Improve  personal  service  at  transit  stations 

3.  Reduce  travel  time  of  public  carriers 

4.  Provide  listening  stations,  coffqe  availability 

5.  Provide  hostess  service 

6.  Permit  airlines  to  operate  Amtrak  routes 

7.  Encourage  auto  companies  to  build  railroad  cars, 
buses,  and  new  trucks 

8.  Provide  unions  with  a voice  in  solving  transportation 
problems 

9.  Eliminate  duplicate  transportation  systems 

10.  Use  pipelines  for  transporting  goods 

11.  Transport  people  by  capsule 

12.  Use  a mix  of  conveyances  that  are  more  efficient 

13.  Use  modes  of  transport  that  provide  integrated 
service 

14.  Integrate  truck  and  rail  freight  services 

15.  Shift  highway  trust  funds  to  UMTA 

16.  Subsidize  mass  transit  even  more  than  at  present 

17.  Provide  mass  transit  income  tax  deduction 

18.  Ride  a bus  at  least  1 day/week 

19.  Establish  exclusive  bus  lanes 

20.  Use  school  buses  and  city  buses  interchangeably 

21.  Promote  riding  by  train  or  bus 

22.  Regulatory  agency  changes  to  shift  freight  from 
truck  to  rail 

23.  Shift  pricing  to  encourage  use  of  trains  and  buses 

24.  Shift  industrial  schedule  to  use  fewer  personal 
transit  modes 

25.  Form  carpools 

26.  Encourage  industrial  carpooling 

27.  Eliminate  overtime  to  encourage  carpools 

28.  Use  Swiss  type  aero  busses  (cable  suspended) 

29. ~Use  piggy  back  truck  system  to  transport  people 

30.  Ship  by  rail  rather  than  truck 

31.  Nationalize  the  railroads 

32.  Use  interstate  right-of-way  for  improved  Amtrak 
service 

33.  Optimize  air  routes 

34.  Retire  corporate  jets  and  use  conmercial  flights 

35.  Increase  freight  travel  by  water 

36.  Free  water  freight  from  legal  restrictions 

B,  Regulatory  policy 

1.  Establish  a state  transport  authority 

2.  Eliminate  ICC  freight  barriers 

3.  Straighten  railroad  lines,  and  improve  roadbed 

4.  Establish  a 55  mph  speed  limit 

5.  Improve  urban  traffic  flow 

6.  Improve  driving  habits  of  government  employees 

7.  Operate  aircraft  at  optimum  long-range  cruise  power 

8.  Have  frequent  auto  tune-ups 

9.  Develop  efficiency  standards 

10.  Label  energy  consuming  vehicles 

n.  Use  life  cycle  energy  cost  analysis  for  purchasing 
decisions 

12.  Purchase  diesel  powered  cars 

13.  Buy  high  efficiency  engines,  diesel,  or  other 

14.  Encourage  churches  and  similar  groups  to  buy  and 
operate  buses  for  their  mernbers 
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TABLE  F.3-1  CLASSIFICATION  Or  ACTIONS  (CONT'D) 

Mode 

C.  Technological  improvement 

1.  Award  efficient  vehicle  designs  ^ 

2.  Replace  inefficient  vehicles  with  eff.  ones  S 

3.  Develop  lighter  weight  vehicles  S 

4.  Design  for  longer  life  and  maintainability  S 

5.  Use  improved  air  conditioning  systems  in  vehicles  S 

6.  Improve  conventional  engines  S 

7.  Use  Stirling  cycle  engines  S 

8.  Use  of  Gas  Turbines  S 

9.  Use  Stratified  charge  engines  S 

10.  Use  Rotary  engines  S 

11.  Use  Diesel  engines  S 

12.  Use  Marren  engine  S 

13.  Remove  emission  controls  S 

14.  Use  external  combustion  engines  S 

15.  Use  Steam  engines  S 

16.  Consider  frequency  of  oil  changes  S 

17.  Reduce  the  capacity  of  gas  tanks  on  new  vehicles  S 

18.  Use  higher  eff.  transmission  S 

19.  Allow  free  wheel  drive  options  S 

20.  Provide  overdrive  as  an  option  on  vehicles  S 

21.  Hatch  engines  and  transmission  S 

22.  Use  regenerative  braking  S 

23.  Use  energy  storage  devices  S 

24.  Provide  regenerative  battery  storage  S 

25.  Develop  tires  with  reduced  rolling  friction  S 

26.  Use  radial  tires  on  all  vehicles  ■ S 

27.  Better  aerodynamic  designs  for  all  vehicles  S 

28.  Streamline  trucks  S 

29.  More  efficient  packaging  of  freight  goods  0 

30.  Use  container  standards  0 

31.  Provide  tax  credits  on  energy  saved  0 

32.  Standardize  truck  design  and  load  requirements  S 

33.  Provide  gas  turbines  for  trains  and  trucks  S 

34.  Improve  barqe  shapes-  S 

35.  Aircraft  should  use  tail  winds  when  possible  0 

36.  Use  larger  pipe  diameters  for  pipelines  S 

37.  Pump  LNG  across  country  S 

38.  Slow  pumping  velocities  in  pipelines  0 

40.  Set  speed  limits  to  take  advantage  of  best 

ope  rati ng  ef f i ci ency  0 

II.  Substitution  for  Scarce  Energy  Resources 

A.  Electrification 

1.  Develop  and  use  electric  automobiles  S 

2.  Ensure  government  purchases  electric  vehicles 

for  urban  use  S 

3.  Electric  driven  cable  cars  S 

4.  Use  of  personalized  transport  systems  $ 

B.  Alternate  fuels 

1.  Hydrogen  as  an  automotive  fuel  S 

2.  Hethanol  as  an  automotive  fuel  S 

3.  Amnonia  as  an  automotive  fuel  S 

4.  Metal  hydrides  S 

C.  Conveyor  transport 

1.  Moving  sidewalks  S 

2.  Transport  of  purchases  by  conveyor  $ 

3.  Chain  driven  street  traffic  S 


TABLE  F.3-1  CLASSIFICATION  OF  ACTIONS  (C0NT‘d) 
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D.  Use  of  manpower 

1.  Support  bikeway  program 

2.  Tax  deduction  for  bicycle  purchase 

3.  Tax  credits  and  incentives  for  those  who  use  bicycles 

4.  Use  skates  in  warehouses 

5.  Institute  a safe  travel  system  for  hitch-hiking 

6.  Walk,  rather  than  drive 


E.  Recycle  transportation  products  and  devices 

1.  Reprocess  old  vehicles 

2.  Subsidize  system  for  collecting  and  reprocessing 
tires,  batteries,  and  parts 

3.  Recycle  lubrication  oils 

4.  Give  freight  incentives  to  secondary  and 
recycled  material  transport 

III,  Curtailment  of  End  Use 

A,  Regulatory  Policy 


1.  Support  EPA  transportation  control  plan 

2.  Odd-even  gas  fill-up  days 

,3.  Use  traditional  dates  for  holidays 

4.  Discourage  long  auto  trips 

5.  Raise  minimum  driving  age  to  18 

6.  Curtail  Sunday  driving  from  1:00  p.m.  to  midnight 

7.  Require  strong  justification  for  all  "business 
travel '' 

8.  Reduce  non-essential  military  travel 

9.  Ban  all  speed  races 

10.  Severly  reduce  government  travel,  say  by  90^ 

11.  Close  commercial  stores  on  Sundays  and  holidays 

12.  Increase  postage  to  reduce  mail  load 

13.  Do  not  carry  any  bulk  mail 

14.  Establish  bulk  mail  energy  tax  to  reduce  Post- 
Office  transportation  requirements 

15.  Impose  parking  restrictions  in  downtown  areas 

16.  -Use  fringe  parking  facilities  for  urban  areas 

17.  Vary  parking  charges  according  to  load  to 
encourage  pooling  . 

18.  Set  by  law  the  size  of  private  vehicles 

19.  Limit  advertising  of  energy-wasting  consumer 
products  and  travel 

20.  Issue  ration  coupons  to  autos  ■ 

21.  Issue  ration  coupons  to  truckers 

22.  Use  a sliding  scale  based  upon  importance  of  use 
to  determine  rationed  amounts 

23.  Ration  each  of  the  major  carriers  by  the  fraction 
of  total  freight  carried 

24.  Require  an  "energy  program"  as  a part  of  purchase 
considerations  by  the  government  (to  include  energy 
manager,  program  to  show  design,  production,  and 
purchase  emphasis) 

25.  Require  government  to  make  vehicle  purchases  on  basis 
of  the  sum  of  the  lowest  purchase  price  and  estimated 
fuel  costs  for  10-year  lifetime 

26.  -Require  energy  cost/benefit  analysis  as  part  of  all 
government  contracts 

27.  Produce  more  durable  vehicles 

28.  Provide  off-peak  pricing  for  busses  and  taxis 

29.  Regulate  licensing  fee  according  to  d'splacement 
and  fuel  efficiency 

30.  Develop  a scaled  gasoline  tax-to  increase  geometrically 
after  an  allotted  use 

31.  Impose  taxes  on  autos  as  a function  of  their  ability 
to  conserve  energy 

32.  Impose  higher  taxation  on  larger,  heavier  vehicles 

33.  Encourage  increased  license  taxation  on  -inefficient 
automobiles  by  state 


Mode 


0 

0 

S 

5 

S 
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34.  Impose  a special  tax  on  recreational  vehicles, 
pleasure  boats,  trailers,  private  and  non-business 
aircraft 

35.  Tax  energy  consuming  accessories 

36.  Increase  and/or  impose  taxes  on  downtown  parking  areas 

37.  Tax  dead  heading  of  trucks,  rail  cars 

38.  Impose  transport  taxes  on  all  fuels,  particularly 
high  ones  on  gasoline 

39.  Impose  taxation  on  all  vehicles  from  outside  of  a 
region,  as  defined  by  the  Census  Bureau 

40.  Cities  impose  highway  use  taxes 

41.  Provide  a mileage  tax  credit  for.  proven  reduced 
auto  mileage 

42.  Permit  accelerated  depreciation. on  industrial  and 
commercial  vehicles  which  are  fuel  efficient 

43.  Tax  credits  on  all  retrofits  which  reduce  energy 
use  . 

44.  Terminate  federal  subsidies  for  airlines 

45.  Control  airline  flights  more  vigorously;  increase 
load  factor 

46.  Tax  air  travel  if  less  than  200  miles 

47.  Establish  minimum  load  factor  for  licensing  of  private 
and/or  corporate  aircraft 

48.  Eliminate  flight  pay  incentives  for  officers  who  do 
- not  need  to  retain  their  flying  skills 

49.  Control  airlines  movement  on  ground 

50.  Require  labeling  of  energy  to  manufacture  on  all  new 
vehicl  es 

B.  Managed  population  growth  rate. 

1.  Promote  planned  parenthood 

2.  Do  not  allow  any  more  immigration 

3.  Provide  birth  control  information  at  no  cost 

4.  Educate  all  citizens  concerning  population 

5.  Cut  welfare  to  families  that  produce  very  large 
families 

C.  Education  of  all  citizens  concerning  energy  conservation 

1. — Encourage  work  at  home  programs  for  professional  people 

2.  Minimize  shopping  trips 

3.  Distribute  information  on  tune-ups,  good  driving 
trips,  etc. 

4.  Provide  inspection  processes  for  energy  savings 

5.  Promote  staggered  working  hours  to  reduce  travel  times 

6.  Encourage  motorists  to  reduce  use  by  V gallon/wk. 

7.  Eliminate  drive-in  services 

8.  Ask  people  to  use  elevators  only  for  more  than  1 floor 
up  or  2 floors  down 

9.  Ask  league  of  Women  Voters  to  spread  message  of 
conservation 

lOi  Merchandise  energy  conservation 

n.  Massive  public  education  program 

D.  Alternatives,  to  transportation  , 

1.  Encourage  the  use  of  telecoimtintcations  to  eliminate 
travel 

2.  Reduce  professional  meetings  by  use  of  tel econnuni ca- 
tions and  written  material 

3.  Transport-communicative  trade-off 

4.  Change  distribution  of  news  and  magazines 

5.  Reduce  mailing  requirements 

6.  Provide  more  delivery  services  of  purchased  goods 

7.  Promote  use  of  phone  and  written  cotimuni  cation 

8.  Handle  more  shopping  trips. and  business  trips  by 
phones  and  memo 


Mode 


0 

0 

0 

0 

0 

0 

0 


0 
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TABLE  F.3-1  CUSSIFICATIOH  OF  ACTIONS  (CONT'D) 

Mode 

E.  Improved  Urban  Planning 

1.  Develop  and  publicize  local  recreation  and  entertainment 

possibilities  0 

2.  Revive  recreational  ideas  which  do  not  use  energy  0 

3:  Locate  shopping  centers  within  easy  walking  distance 

of  neighborhoods 

4.  Provide  for  right  turn  on  red 

5.  Better  coordination  of  traffic  light  operations 
• 6.  Ban  traffic  in  downtown  areas 

7.  Ban  parking  in  downtown  areas 

8.  Encourage  multi-force  taxi  regulations 

9.  Use  off  peak  pricing  for  busses  and  taxis 

10.  Provide  express  lanes  for  carpools  and  busses 

11.  Provide  rush  hour  busses  on  an  optimal  service  basis 

12.  Optimize  bus  routes 

13.  Eliminate  Inefficient  bus  routes 

14.  Encourage  four  day  work  weeks 

15.  Shift  to  industries  that  do  not  require  as  much 

transportational  energy  0 

16.  Shift  the  transportational  mode  of  various  industries, 

e.g.  the  food  industry,  etc.  0 


oooooooooooo 
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In  this  study,  the  transportation  group  eventually  conceded  that  the 
broad  areas  of  substitution  for  scarce  energy  resources,  and  the  curtailment 
of  end  use  should  not  be  omitted.  Through  reexamination  of  the  basic  list, 
several  actions  were  identified  in  each  category  that  might  produce  some 
energy  savings.  These  methods  finally  produced  a list  of  thirty-five 
actions  which  were  then  considered  in  more  detail;  this  Table  is  F.3-2 
and  is  also  shown  in  Chapter  6.  The  next  step  was  to  determine  the  energy 
savings  potential  and  the  basic  requirements  of  each  action.  These  results 
are  included  in  Section  F.4,  since  they  are  required  as  a part  of  the 
assessment  of  actions.  In  Appendix  F.4,  a detailed  discussion  of  the  methods 
used  to  identify  and  assess  the  impacts  of  these  actions  is  presented. 


F.4  ASSESSMENT  OF  ACTIONS 

Working  from  the  list  of  actions  in  Table  F.3-2,  a three  stage 
assessment,  decision  making  process  was  employed. 

Impact  assessment 

Decision  making 

Cross  evaluation 


Impact  Assessment 

Table  F-.4-1;  Energy  Reduction  Potential  and  Requirements,  represents 
the  first  step'  in  achieving  an  assessment  of  these  actions.  Data  within 
the  table  have  been  extracted  from  the  literature,  wherever  possible.  Energy 
conservation  potentials  illustrate  the  maxi  mums  stated  in  the  references 
listed.  Drawing  heavily  on  the  displays  and  methodology  developed  by 
ilVoorhees-74] , an  impact  assessment  matrix  was  developed  for  portraying 
tn  capsule  form;  (a)  Institutional  Impacts,  (b)  Socioeconomic  Impacts,  and 
(c)  Environmental  Impacts.  Completed  matrices  for  the  above  three  impact 
areas  are  portrayed  as  Tables  F.4-2,  F.4-3,  and  F.4-4,  respectively. 

Once  the  various  sub- categories  of  requirements  and  impacts  had  been 
decided  upon,  the  task  group,  working  as  a group  and  drawing  upon  their 
individual  data  bases  acquired  in  the  early  weeks  of  this  systems  study, 
completed  Tables  F.4-1  through  F.4-4.  As  an  aid  in  this  process,  brief 
definitions  for  all  impacts  and  requirements  were  provided  and  are  included 
immediately  following  Table  F.4-4. 


Decision  Matrix 


- The  impact  assessment  matrices  Tables  F.4-2  through  F.4-4  are  a 
concise  way  of  indicating  a multitude  of  impacts,  but  additional 
steps  are  necessary  to  screen  the  list  of  possible  actions  to  a smaller 
number.  Drawing  upon  the  work  of  [Hill -70],  a weighted  decision  matrix 
was  developed.  The  completed  matrix  is  given  a Table  F.4-5. 
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TABLE  F.3-2. ■ ENERGY  CONSERVATION  ACTTONS-  IN'  THE  TRANSPORTATION  SECTOR 


A.  System  Operations  Improvement 


I.  Improve  System  Efficiency 

B. 


1.  Use'  modes  that  are  inherently  more  efficient 

Z.  Shift  from  truck  to  rail 

3.  Form  carpools 

4.  Shift  passenger  traffic  from  auto  to  bus 
and/or  rail 

5.  Use  auto-train  and/or  railroad  and 
airport  auto  rental 

6.  Optiniiie  air  routes  by  eliminating  short 
hauls,  increasing  load  factors,  and 
reduction  in  cruising  speed 

7.  B5  mph  speed  limit 


Technological  Improvement 

8.  Use  lighter  weight  autos 

9.  Design  for  prolonged  life 

10.  Stratified  charge  engine 

11.  Other  improved  engine  designs 

Stirling  cycles,  gas  turbines, 
rotary  engines,  Rankine  cycle 
engines 

12.  Improved  transmissions 

Better  matched  to  engines 
Elimination  or  improvement  of 
automatic  transmissions,  or  with 
lock  up 

13.  Hybrid  systems  (flywheel,  hydraulic 

battery  storage,  etc.) 

14.  Improved  tires  (radials) 

15.  Aerodynamic  improvements 


II.  Substitution  for  Scarce  Energy  Resources 


A.  Electrification  of  Particular  Modes 

16.  Electric  automobiles 

17.  Electrification  of  railroads  and 
urban  buses 

C.  Use  of  Manpower 

20.  Promote  a bikeway  program 

21.  'Walk,  rather  than  drive 


B.  Alternate  Fuels 

18.  Hydrogen 

19.  Other  fuels  (methanol,  liquified 

methane,  ammonia,  etc.) 

D.  Recycle  Transportation  Products 

22.  Reprocess  wornout  transportation  vehicles 

23.  Recycle  lubrication  oils 


A.  Managed  Population  Growth  Rate 

24.  Promote  planned  parenthood 

25.  Reduce  immigration  into  this  country 

C.  Alternatives  to  Personal  Transportation 

29.  Use  tel ecoimiunl cations  to  eliminate 
travel 

30.  Provide  more  delivery  services  of 
purchased  goods 


Education  of  All  Citizens 

26.  Obtain  support  of  groups  like  League 
of  Women  Voters 

27.  Support  public  education  programs 

28.  Obtain  support  of  corporations  to 
provide  employee  incentives 

D.  Improved  Urban  Planning 

31.  Develop  and  publicize  local  recreation 
and  entertainment  .possibilities 

32.  Locate  shopping  centers  within 'walking 
distance 

33.  Ban  parkingi  in  downtown  areas 


III.  Curtailment  of  End  Use 

8. 


E.  34,  Reduced  travel  incentives 
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TABLE  F.4-1.  ACTIONS  TO  CONSERVE  ENERGY  IN  THE  TRANSPORTATION 
SECTOR;  ENERGY  REDUCTION  POTENTIAL  AND  REQUIREMENTS 


TABLE  F.4-1  (Cont.).  ENERGY  CONSERVATION  ACTIONS  AND  APPROPRIATE  REFERENCES 


Conservation 

Actions 

Potential  - Quads 

References 

lA 

1 

10  - 25 

[Rice-74],  [Ford-74],  [Krzyczkowski-75],  [UMTA-P-74],  [noT  Pratt-73] 

2 

. 0.5 

[Halliaris-73],  [Ford-74],  [UMTA-P-74] 

3 

0.5  - 1.0 

[Mal1iaris-73],  [Voorhees-74] 

4 

0.5  - 10.0 

[Malliaris-73],  [O' Connell -73],  [Ford-74] 

5 

■Dm 

[Rice-74] 

6 

0.05-  0.3 

[Mai laris -73],  [Ford-74],  [Pilati-74],  [Mutch-73] 

7 

0.25-  0.5 

[Halliaris-73],  [Voorhees-74]  • 

IB 

8 

0.5  - 1.5 

[SAE-75],  [Malliaris-73],  [DOT-EPA-75],  .[APS-75],  [Pierce-75] 

9 

0.4 

[Berry-73] 

■ TO 

1.0  - 3.0 

[DOT-EPA-75],  [APS-75],  [Cohn-75],  [Kunmer-75],  [Pierce-75] 

11 

.1.0  - 4.0 

[Schneider-75],  [Kummer-75] , [BNA-EUR-75],  [Rierce-75],  [Hulliaris-73] 

12 

0.5  - 1.5 

[Haniaris-73],  [DOT-EPA-75],  [APS-75],  [Pierce-75] 

13 

- 

[Beale-74],  [Nondahl-75],  [Laws6n-74]  .. 

14 

0.2  - 0.8 

[Hall lari s-73],  [DOT-EPA-75],  [APS-75],  [Pierce.-75] 

15* 

0.1-  0.8 

[Malliaris-73],  [DOT-EPA-75],  [APS-75],  [Pierce-75] 

IIA 

16 

- 

[Halliaris-73]  , 

17 

- 

[Hascy-74] 

IIB 

18 

o'  - 1-.5. 

[Halliaris-73],  [Alexander-75],  [Stocky-75j,  [AGA-72] 

19 

[Halliaris-73],  [Alexander-75] 

lie 

20 

0.1-  - 0.25  . 

[Haniaris-73],  [DPDr75],  [Voorhees-74] 

21 

0.1  - 0.25 

[Hal 1 i ari s-73] ,, [Penner-74] 

IID 

22 

0.1  - 1.2 

[SAE-75],  [Berry-73],  [Hannon-75] 
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TABLE  F.4-1  (Cont.). 

ENERGY  CONSERVATION  ACTIONS  AND  APPROPRIATE  REFERENCES 

Acti'ons 

Conservation 
Potential  - Quads 

References 

23 

- 

[H.R.  7014-75] 

ntA 

24 

- 2.0 

[Holdren-73] 

25 

- 0,25 

tRyder-73] 

IIIB 

26 

1.5  - 3.0 

27 

1.5  - 3.0 

28 

- 0.5 

me 

29 

0.1  - 0.5 

[Voorhees-74] , [Tyler-74],  [Latney-7S] 

30 

0.1  - 0.25 

[Vooiliees-743 

HID 

31 

32 

0.1  “ 0.2 

[Voorhees-74] 

33 

0.1  - 0.25 

[Mall1ar1s-73] 

HIE 

34 

0 

CVJ 

1 

o 

TABLE  F.4-2  ACTIONS  TO  CONSERVE  ENERGY  IN  THE  TRANSPORTATION 
SECTOR:  IMPLEMENTATION  CONSIDERATIONS  AND  INSTITUTIONAL  IMPACTS 
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Action 

Group 

Action 

New 

Legislation 

Required 

Who  Is  To 
Administer 
Action 

Implementation 

Organizational 

Changes 

Required 

Who  Has  A 
Stake  In  The 
Actions  and 
Administration 

Public 

Reaction 

Enforce- 

ment 

I-A 

I 

Yes 

P.L.S.F 

L 

L 

■■911 

— 

2 

Yes 

P.F 

S 

S 

+ 

3 

No 

P 

S 

M 

No 

4 

Yes 

P,L,S,F 

S 

L 

■n^Hi 

5 

Yes 

P.L.F 

S 

L 

Yes 

6 

Yes 

P.L.F 

S 

M 

Yp<; 

7 

Yes 

L,S,F 

S 

H 

+ 

Yes 

I-B 

8 

Yes 

P,F 

s 

S 

+ 

Yes 

9 

Yes 

P,F 

s 

S 

+ 

Yes 

10 

No 

P 

s 

s 

+ 

No 

n 

No 

P 

s 

5 

+ 

fl2 

12 

No 

P 

s 

S 

+ 

No 

13 

No 

P 

s 

S 

+ 

No 

14 

No 

P 

s 

s 

+ 

No 

mm- 

No 

P 

s 

s 

+ 

I I-A 

16 

Yes 

P.L.S.F 

M 

-1 

+ 

Yes 

17 

Yes 

P.L.S,F 

M 

. H 

Yes 

II-B 

18 

Yes 

P.L.S.F 

H 

L 

. 

Yes 

19 

Yes 

P,L,S,F 

H 

H 

+ 

Yes 

II-C 

20 

No 

■P.L 

S 

S 

+ 

No 

21 

'No 

P 

s 

s 

0 

No 

II-D 

22 

Yes 

s 

s 

+ 

ifiS 

23 

Yes 

s 

5 

+ 

Yes 

II  I-A 

24 

Yes 

L.S.F 

s 

M 

Yes 

25 

Yes 

F 

s 

S 

+ 

Yes 

III-B 

26 

No 

P 

s 

s 

+ 

No 

27 

Yes 

P.L.S.F 

s 

s 

+ 

Yes 

28 

Yes 

P.F 

s __ 

s 

+ 

Yes 

III-C 

29 

Yes 

P,L,S,F 

L 

L 

+ 

Yes' 

30 

No 

P 

's 

s 

+ 

Ho 

III-D 

31 

No 

L,S 

s 

S 

+ 

No 

32 

No 

L 

s 

M 

+ 

Ha 

33 

Yes 

P.L 

s 

M 

+ 

Yes 

ni-E 

34 

Yes 

P,L,S,F 

M 

H 

+ 

Yes 

TABLE  F.4-3  ACTIONS  TO  CONSERVE  ENERGY 
IN  THE  TRANSPORTATION  SECTOR:  SOCIOECONOMIC  EFFECTS 


TABLE  F.4-4  ACTIONS  TO  CONSERVE  ENERGY 
IN  THE  TRANSPORTATION  SECTOR:  ENVIRONMENTAL  EFFECTS 
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TABLE  F.4.-5.  DECISION  MATRIX 


Actions 

Conservation 

Potential 

Envi ron- 
mental 
Imoacts 

Weighting 

Factor 

0.4 

0.1 

0.3 

0.2 

1 .0 

1 

4^^^<4 

a-^^4 

8/l_.6 

6.4 

2 

/8^-^..2 

Kma 

4 ^ .8 

6.2 

3 

10L^4.0 

7 ^-^.7 

._7.^2J_ 

_ 6^1..2._. 

8.0 

4 
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ip*«iy 

6.7 

33 
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Lf 

34 
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Ranking  Scale  for  the  Above  Four  Criteria: 


1.  Conservation  Potential:  0 = low  potential;  10  = high  potential. 

2.  Institutional  Impacts:  0 = great  implementation  and  institutional  difficulties; 

10  = few  difficulties  and  problems. 

3.  Socioeconomic  Impacts:  0 = undesirable  outcome  or  impacts;  10  *=  desirable  impacts. 

4.  Environmental  Impacts:  0 = undesirable. consequences;  TO  = desirable  consequences. 
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As  the  four  column  headings  in  Table  F.4-5  Indicate,  the  following 
broad  criteria  were  established  as  a basis  for  Kolistically  ranking 
each  of  the  34  conservation  actions:  (a)  conservation  potential, 

(b)  institutional  impact,  (c)'  socioeconomic  impacts,  and  fd)  environmental 
impacts.  These  criteria  agree  with  the  titles  of  the  assessment  matrices 
discussed  earlier;  Tables  F.4-T,  F.4-2,  F.4-3  and  F.4-4,  respectively. 


Definitions  of  Impacts  and  Requirements 


Reference  Table  F.4-1 

Time  to  implement  — Estimate  of  the  time  period  in  which  implementation 
could  reach  25  percent  of  its  potential.  Time  periods  NEAR  (N)  = present 
to  1985;  MID  (M)  = 1985-2000;  LONG  TERM  (L)  = beyond  2000. 

Petroleum  Energy  Reduction  Potential  — Estimate  of  the  annual  energy 
conservation  potential  of  the  action  in  quads.  If  no  quantitative 
estimate  is  available  then  a qualitative  assessment  is  used-:  S = small; 

M = medium;  L = large. 

Implementation  Cost  — Capital  costs  to  implement  the  action.  If 
dollar  estimates  not  available,  use  S = small;  M = medium;  L = large. 

Implementation  Manpower  — Human  resources  needed  for  implementation 
of  the  actions.  If  qualitative  data  is  not  available,  use  S = small, 

M = medium,  L = large  to  indicate  the  degree  of  this  requirement. 

Specific  comment  as  to  major  impact  is  appropriate. 


Reference  Table  F.4-2 

New  Legislation  Required  — Is  new  legislative  action  at  the  local, 
state  or  national  level  required  for  implementation  --  yes  or  no? 
Comment  where- appropriate. 

Who  is  to  Administer  the  Action  and  its  Implementation  — Will  the 
actions  be  administered  by  private  (P),  local  (L),  state  (S)  or 
federal  government  (F)  agencies  and  institutions.  Brief  specific 
comment  is  appropriate. 

Organizational  Changes  Required  — Will  organizational  change  be 
small  (S),  medjum  (M)  or  large  (L)? 

Who  has  a Stake  in  the  Actions  and  Administration  — Small  number  of 
groups  or  institutions  impacted  (S),  medium  number  impacted  (M),  large' 
number  impacted  (L).  ■ 

Public  Reaction  — If  public  reaction  is  expected  to  be  favorable  so 
■as  to  enhance  the  action  use  (+),  if  negative  (r),  no  effect  (0). 
Reaction  is  considered  to  be  a long  run  reaction  after  implementation. 

Enforcement  — Indicate  those  actions  which  will  need  some  level  of 
enforcement  with  yes  (Y);  those  which  are  self-enforcing  or  not  in 
need  of  enforcement,  no  (N). 
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Reference  Table  F.4-3 

Travel  Time  — Will  the  action  increase  (-),  have  no  effect,  (o),  or 
decrease  (+)  travel  time? 

Safety  — What  are  the  safety  and  health  consequences  of  the  action  — 
improve  (+),  no  impact  [0),  decrease  (-).  Comments  where  appropriate. 

Lifestyle  Changes  — How  does'  the  action  affect  lifestyle  or  accepted 
patterns  of  life;  no  effecf(NE),  small  effect  (SE),  large  effect  (LE). 
Comment  where  appropriate. 

Social  Equity  --  Does  the  action  impact  differently  on  different 
groups;  minimal  differential  impact  (Mi),  moderate  differential 
impact  (Mo),  large  differential  impact  (L).‘  Comment  where  appropriate. 

Economic  Dislocations  — Does  the  action  have  no  effect  (NE),  small 
(SE)  nr  large  effect  (LE)  on  patterns  of  work  organization,  tax  base, 
sales,  unemployment,  etc.? 

Development  Opportunities  — Does  the  action  possess  potential  for 
entrepreneural  developments,  new  programs  or  projects;  no  effect 
(NE),  small  effect  (SE),  large  effect  (LE). 


Reference  Table  F.4-4 

Air  Pollution  --  Does  the  action  increase,  (-),  have  no  effect '(0) 
or  decrease  {+)  air  pollution? 

Noise  Pollution^-  increase  in  pollution  (-),  no  effect  (0),  decrease 

(+). 

Congestion  — Does  the  action  increase  (-),  have  no  effect  (0),  or 
decrease  (+)  congestion? 

Land  Use  Patterns  — How  does  the  action  effect  land  use  patterns? 
no  effect  (NE),  small  effect  (SE),  large  effect  (LE). 

Each  of  the  actions  were  evaluated  for  each  of  the  four  criteria 
in  terms  of  a ranking  scale  from  0 to  10  given  at  the  bottom  of 
Table  F.4-5.  Assignment  of  rank  scores  was  accomplished  as  follows. 

The  maximum  ranking  points  of  10  for  each  criteria  were  distributed 
across  all  the  individual  impact  column  headings  in  Tables  F.4-2 
through  F.4-5.  These  point  assignments  were  arrived  at  as  a group 
judgment  and  are  as  follows: 

Table  F.4-1 


Time  to  Implement  --  this  factor  was  not  included  in 
the  ranking  process.  It  was  used  at  a later  stage 
to  separate  and  explore  sets  of  actions  in  groupings 
of  near,  mid  and  long  range  implementation  time  frames. 


F-23 


Energy  Reduction  Potential  — a score  of  4 was  assigned 
if  the  potential  was  large;  a score  of  1 if  potential 
was  small . 

Implementation  Requirements  — each  category,  cost, 
manpower  and  materials  were  assigned  scores  of  2 if 
these  requirements  were  small;  0 if  large. 

Table  F.4-2 


New  Legislation  Required  — yes  received  a 0;  no  a 1. 

Who  is  to  Administer  Action  — a score  of  2 was  assigned 
if  few  levels  were  involved;  a score  of  0 if  many  were 
involved. 

Organizational  Changes  Required  --  a score  of  2 
if  changes  would  be  small;  0 if  large . 

Who  has  a Stake  in  the  Action  — a score  of  2 was 
assigned  if  small  number  of  groups  impacted;  0 if  a 
large  number. 

Public  Reaction  — this  was  interpreted  as  the  long 
term  reaction,  a score  of  2 for  good  reaction  and 

0 for  poor. 

Enforcement  --  a score  of  0 if  enforcement  required; 

1 if  not- 

Table  F.4-3 


Travel  Time  — 1 if  the  action  reduced  travel  time; 

0 if  not. 

Safety  --  2 if  action  increased  safety;  0 if  not. 

Lifestyle  Changes  — 2 for  no  effect;  0 for  large  effect. 

Social  Equity  — 2 if  the  action  did  not  discriminate 
unequally;  0 if  there  were  gross  inequities. 

Economic  Dislocations  — -2  if  few;  0 if  many. 

Development  Opportunities  — 1 if  positive;  0 if  not. 

Table  F.4-4 

Air  pollution  --  3 if  the  action  had  a strong  favorable 
impact;  0 if  none. 

Noise  pollution  — • 2 if  good  impact;  0 if  not. 

Traffic  Congestion  — 3 if  good  effect;  0 if  none. 

Land  Use  Patterns  --  2 if  no  change;  0 if  major  change. 
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Using  the  rankings  for  individual  impacts  presented  above,  the 
transportation  task  force  group  (working  as  a group)  assigned  consensus 
ranks  for  each  action.  These  scores  were  totaled  and  appear  in  the 
upper  left  hand  area  of  the  boxes  in  Table  F.4-5. 

Based  on  the.  task  group's  understanding  of  the  importance  of  each 
of  the  four  criteria  in  Table  F.4-5,  weighting  factors  were  chosen  as 
shown  in  the  row  labeled  "Weighting  Factor".  Conservation  potential 
and  socioeconomic  impacts  were  felt  to  be  more  important  than  institutional 
and  environmental  impacts  and  thus  received  higher  weights.  Other  values 
could  have  been  chosen  which  would  have  yielded  a different  set  of  final 
actions.  A sensitivity  analysis  of  the  weighting  factor  could  be  run  if 
desired. 

Rank  scores  for  each  action  were  multiplied  by  the  weighting  factors 
to  yield  the  weighted  rankings  (lower  right  of  each  diagonal).  Weighted 
ranks  were  summed  for  each  action  yielding  total  weighted  scores. 

Using  the  "total  weighted  score"  column  in  Table  F.4-6,  it  is 
possible  to  sift  out  all  actions  which  rank  below  some  selected  cut- 
off score.  Additionally,  using  the  time  period  estimate  from  Table 
F.4-1,  it  is  possible  to  sift  by  implementation  period. 


Cross  Evaluation 

It  is  important  to  note  that  not  all  of  the  actions  previously 
assessed  and  ranked  can  be  treated  as  mutually  independent  measures. 

Some  of  them,  if  jointly  pursued,  might  be  counter  productive.  For 
example,  if  public- policy  were  to  encourage  car  pooling  and  at  the 
same  time  encourage  flexible  starting  and  stopping  work  times  in  work 
places,  the  two  actions  tend  to  conflict  with  each  other  and  ideally 
should  not  both  be  included  in  the  same  package  of  conservation 
recommendations. 

In  an  attempt  to  grapple  with  this  problem,  borrowing  from 
[Coates-74],  [Krzyczkowski-75] , and  [Voorhees-74],  a cross  evaluation 
matrix  was  set  up  and  is  presented  as  Table  F.4-6.  This  table  and 
its  notes  need  little  explanation.  The  cross  evaluation  matrix 
was  accomplished  by  the  task  group  as  a group  — discussing  each  pair 
until  a consensus  classification  could  be  agreed  upon. 

This  cross  evaluation  matrix  then  constitutes  the  third  and 
final  stage  of  a method  for  identifying  a set  of  consistent  energy 
conservation  actions. 


TABLE  F.4-6.-  CROSS  EVALUATION  MATRIX 


CONSERVATION  ACTIONS 


_ 
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■■■■■BBB 


^■8iflB'H»BIBEEBIIMHEB 

^BHBBB8IH:HB88BBaBB8iHHE 


Tvra  actions  are  directly  complementary  or  reinforcing. 

Two  actions  are  tradeoff,  conflicting,  both  attempted  simultaneously 
might  tend  to  be  counter  productive. 

Mutually  exclusive  actions  each  can  be  accomplished  independently  of 
the  other. 

Action  relations  undertain,  could  be  (C)  or  (T).  Identifies  areas 
of  policy  conflict. 


-p-26- 


F.5  SOME  VIEWS  TO  THE  FUTURE 
Transportation  — Communication  Trade-offs 

The  basic  structures  of  human  societies  are  intimately  related  to  the 
technology  of  travel  and  communication.  Indeed  [Van  Vleck.-74]  suggests 
that  society  has  been  defined  as  "an  enduring  and  cooperating  social  group 
whose  members  have  developed  organized ’.patterns  of  relationships  through 
interaction  with  one  another."  In  the  development  from  primitive  to  modern 
complex  societies  of  today,  transportation  and  communication  technology 
are  simply  the  technological  extensions  of  locomotion  and  speech  which,  in 
part,  have  been  instrumental  in  the  societal  developmental  process. 

Since  transportation  and  communication  are  such  intimately  related  to, 
and  basic  extensions  of,  human  functions,  it  is  unfortunate  that  in  some  ways 
we  are  not  yet  adequately  treating  them  as  synergistic  systems.  Several 
authors  point  out  that  in  urban  planning,  for  example,  transportation  is  a 
major  planning  factor,  but  telecommunications  seldom  enters  the  planning 
picture.  [Harkness-72jf,  [Reid-71], 

Consideration  of  the  substitution  of  travel  by  computer-telecommunica- 
tions has  long  been  of  interest  to  a spectrum  of  persons  ranging  from  the 
science  fiction  writer  to  the  rehabilitation  specialist  interested  in 
creating  information  handling  jobs  for  home-bound  persons  [Overby-74-1 ]. 

With  growing  environmental  concern  with  automobile  pollution,  the  recent 
OPEC  perturbation  in  our  energy  supply,  etc.,  there  is  an  increasing  amount 
of  literature  looking  at  energy  conservation,  socioeconomic,  and  environmental 
consequences  of  substitution  of  travel  with  telecommunications. 

It  is  the  purpose  of  this  section  to  briefly  call  the  readers' 
attention  to  some  of  the  literature,  to  point  out  a few  gross  orders  of 
magnitude,  to'  point-out  energy  conservation  potentials,  and  to  ask  a few 
questions  as  to  what  needs  to  be  done  in  the  future  relative  to  the  energy 
conservation  potential  in  telecommunication  substitutes  for  travel. 

Many  authors  indicate  that  improved  telecommunications  capability, 
rather  than  causing  a reduction  in  travel  demand,  might  very  well  produce 
a synergistic  increase  in  the  propensity  to  travel;  thus,  suggesting 
that  it  is  folly  to  explore  here  for  energy  conservation.  Historically, 
such  arguments  can  be  supported  with  data;  however,  as  socioeconomic- 
environmental  pressures  mount  and  as  fuel  costs  and  governmental ly  produced 
travel  disincentives  increase,  we  may  well  see  trade-offs  in  favor  of 
various  forms  of  computer-telecommunications  modes. 

Various  facets  of  the  transportation  communication  trade-off 
including  energy  conservation  potential  can  be. found  in  [Day-74], 
[Dickson-73],  [Harkness-72] , [Krzyczkowski-74],  [Lathey-75], 

[0verbyr74-'2],  and  [Tyler-74]. 
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Illustrative  of  some  of  the  energy  conservation  potential  discussed 
in  the  above  is  the  following: 

Travel  for  one  person  between  Glasgow  and  London,  England  by 
air  would  require  approximately  5 times  as  much  direct  energy 
expenditure  as  would  a three-hour  video  conference  between 
London  and  Glasgow  — a conference  in  which  more  than  two 
persons  could  participate.  If  a "sound  only"  system  were 
used,  the  airplane  trip  consumes  roughly  600  times  as  much 
energy  as  a three-hour  phone  conference. 

For  the  amount  of  energy  consumed  in  gasoline  to  drive  30 
miles  round  trip  to  work,  it  would  be  possible  for  two  persons 
to  remain  in  two  way  local  area  video  phone  contact  for  125 
hours. 

Use  of  the  telephone  vs.  the  automobile  for  information  acquisi- 
tion, exchanges,  etc.  could  result  in  a dollar  cost  ratio  of 
1:26  and  an  energy  consumption  ratio  of  1:500  in  favor  of  the 
telephone. 

The  above  direct  energy  cost  examples  are  sometimes  criticized 
because  they  include  only  the  direct  energy  used  to  operate  the  automo- 
bile or  telephone,  etc.  It  is  suggested  that  a better  measure  would  be 
to  include  all  the  indirect  energy  costs  in  the  comparisons.  [Mascy-75] 
makes  calculations  of  the  indirect  energy  cost  of  producing  transportation 
vehicles  and  the  energy  costs  in  building  the  highways,  railways  and 
airport  runways.  He  concludes  that  these  indirect  energy  costs  represent 
but  a small  fraction  of  the  direct  energy  consumed  in  vehicle  operation. 
Since  the  direct  .energy  costs  of  telephones  and  even  video  phones  are  so 
low  compared  to. automobiles,  it  is  conceivable  that  indirect  energy  costs 
(build,  install  and  maintain  a communication  system)  could  be  a higher 
portion  of  total  costs  and  thus  cause  the  communication  system  to  lose 
a small  amount  in  relative  advantage  to  the  automobile.  A good  set  of 
calculations  of  indirect  energy  costs  for  communication  systems  needs  to 
be  performed.  An  even  more  interesting  comparison  between  communication 
and  transportation  systems  would  be  one  which  takes  into  consideration 
total  resource  utilization.  How  do  the  materials  and  manpower  as  well  as 
energy  requirements  compare  for  communications  vs.  transportation?  - An 
estimate  would  place  the  balance,  at  least  on  energy  and  materials,  in 
favor  of  communication  systems.  Some  answers^.to  questions  like  these 
might  be  obtained  through  econometric  and  input-output  modeling  like. 

that  being  carried  out  at  the  University  of  Illinois  Center  for  

Advanced  Computation  [Hannon-75].  A preliminary  exploration  of  the 
transportation-communication  trade-off,  using  imput-output  techniques 
has  been  carried  put  and  is  discussed  in  Chapter  8 of  ECASTAR. 
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With  energy  and  cost  savings  as  indicated  above,  v/hy  do  we  not  have 
a landslide  rush  to  substitute  telecommunications  for  travel?  The  answers 
are  not  simple  ones-  Large  shifts  from  transportation  to  communications 
would  require  major  lifestyle  and  institutional  changes  and  could  meet 
with  considerable  resistance.  Small  and  gradual  shifts,  however,  are 
already  taking  place  as  our  society  moves  from  a blue  collar  to. a white 
collar  (information  handlingy-^ociety".  It  behooves  us,  therefore,  to 
study. and  assess  these  shifts.  It  may  also  be  necessary  to  consider 
governmental  policy  which  could  create  a milieu  of  incentives  to  encourage 
shifts  from  travel  to  communications.  For  example,  what  modification  of 
the  tax  laws  might  be  made  so  as  to  encourage  such  shifts?  What  would 
be  the  consequences  and  impacts  of  this  public  policy? 

The  National  Science  Foundation  is  presently  supporting  a number  of 
large  research  and  demonstration  projects  relating  to  telecommunication 
applications.  Stanford  Research  Institute  recently  received  a substantial 
grant  for  study,  including  the  energy  conservation  potential  in  substitu- 
ting telecommunication  for  travel  [Hough-75]. 

Suggestions  for  future  study 'tn  this  area  are  contained  in  most  of 
the  previously  cited  materials.  There  appears  to  exist  considerable 
potential  for  long  range  transfer  of  NASA  technology  in  the  trade-off 
between  travel  and  communication.  NASA,  in  its  space  operations,  has 
developed  a massive  communications  system  competence  — hardware,  soft- 
ware and  organizational 'arrangements.  It  has  great  experience  in  remote 
operations  using  sophisticated  teleoperator,  man-machine,  and  man-man  co- 
mmunications technology  [NASA-69].  These  broad  areas  of  NASA 
competency  placed  in  juxtaposition  to  present  and  future  computer- 
telecommunications  possibilities  [Overby-74-2]  are  suggestive  of 
important  technology  transfers  of  NASA  knowhow.  Perhaps  NASA  should 
actively  exp1ore"from  both  a "market  pull"  and  "technology  push"  point 
of  view  the  transfer  and  diffusion  of  its  technological  capability  in 
this  area.  For  example,  what  are  some  of  the  developing  information 
needs  in  our  society  and  the  technological  requirements  to  meet  these  needs 
How  might  NASA  competence  be  addressed  in  response  to  these  needs?  As 
pointed  out  earlier,  we  are  inexorably  becoming' a' nation  of  information 
processors  as  contrasted  to  blue  collar  material  handlers.  Information 
processing  is  suggestive  of  travel  substitution  through  communications^ 
technology  resulting  in  new  patterns  of  work  organization.  Implicit  in 
these  changes  are  energy  saving  possibilities  as  discussed  above.  Can 
NASA  techno  logy,  .-transfer  and  diffusion  be  applied  in  this  area?  It  seems 
that  some  effort  ou'^t  to  be  expended  in  exploration  of  these  possibilities 


Fixed  Rail  Transportation 

The  urban  mass  transit  systems  of  the  future  are  forseen  as  operating 
on  fixed-rails,  electrically  powered  and  highly  automated.  They  will 
doubltless  contain  many  special  features  to  Increase  safety  and  speed  of 
serving  passengers.  Special  systems  will  probably  be  installed  to 
transport  passengers  from  large  parking  lots  to  rail  transit  stations. 
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It  may  prove  economicany  feasible  to  electrify  say  around  ten  per- 
cent of  the  nation's  220,000  miles  of  railroad.  This  will  cost  around 
$2  billion  (an  enormous  sum  until  we  look  at  the  $50  billion  spent  on  the 
interstate  highway  system  — a cross  country  network  of  modern  highv/ay 
where  traffic  can  move  legally  at  the  tremendous  speed  of  55  mph!).  Further- 
more, if  this  railroad  electrification  should  be  done,  it  still  leaves 
198,000  route  miles  to  be  powered  by  other  means.  In  a nuclear  electric 
economy  (which  looks  like  it  may  be  our  destined  future  for  some  time), 
some  kind  of  synthetic  fuel(s)  are  needed  for  applications  where  electrifica- 
tion is  either  impossible  or  unfeasible.  In  this  regard,  hydrogen,  metallic 
hydrides,  methanol,  ethanol  and  ammonia  are  all  candidate  fuels,  but  there- 
are  several  more. 

It  appears  that  there  will  be  a need  for  cooperative  contracts  with 
the  various  electric  utilities  in  the  regions  common  to  the  railway  systems 
that  become  electrified.  Furthermore,  a tremendous  amount  of  capital  must 
be  raised  since  the  original  electrification  cost  runs  on  the  order  of 
$100,000  per  track  mile.  There  are  several  methods  of  accomplishing  this 
financing  if  further  study  shows  it  to  be  advisable.  The  federal  government 
will  be  interested  and,  without  doubt,  will  follow  the  action  with  much 
interest.  One  factor  on  the  bright  side  regarding  this  huge  financial 
problem  is  that  annual  operating  savings  would  be  large  enough  to  recover- 
the  original  Investment  in  less  than  five  years. 

Total  installation  time  per  1000  mile  module  is  estimated  at  about, 
three  years.  The  annual  energy  required  for  operation  1s  projected  at  around 
a billion  kWh. 

Future  locomotives  may  use  hybrid  systems.  For  instance,  they  may 
use  regerierative  systems  whereby  the  energy  from  bracing  is  not  dissipated 
as  wasted  heat  but  rather  stored  in  some  device  (e.g.,  a managing  steel 
flywheel).  If  otherwise  wasted  energy  is  stored  in  this  fashion,  it 
will  not  only  conserve  energy,  but  will  enable  the  use  of  a much  smaller 
engine  and  hence  lower  peak  demand  — a most  vital  factor  concerning  electric 
utility  rates. 

Railroads  would  do  well  to  consider  owning  and  operating  trucks  and 
material  handling  equipment  (perhaps  electric)  at  each  freight  terminal.  In 
this  fashion  they  could  move  goods  to  and  from  the  customers'  doors  and  thus 
capture  more  of  the  freight  business  now  handled  by  trucking  firms.  The 
rdil roads  would  enjoy  a specific  advantage  in  this  regard  by  using  electric 
delivery  vehicles  when  fuel  prices  become  unreasonably  high. 

The  railroads  may  benefit  in  the  passenger  business  by  promoting  the 
auto  train.  In  this  manner  the  passengers  can  enjoy  the  trip,  busy  execu- 
tives can  continue  with  their  office  work  enroute,  nobody  suffers  from 
driving  fatigue,  the  travel  is  much  safer,  energy  is  conserveds  travel 
continues  24  hours  per  day  while  passengers  sleep  and  finally  the  traveler 
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stm  has  his  car  with  him  at  his  destination  (a  factor  which  has  caused 
him  to  drive  heretofore  and  caused  the  railroads  to  lose  nearly  all  of 
their  passenger  business).  Once  again,  railroads  should  gain  on  this  point 
in  an  electrical  economy  because  electric  autos,  while  excellent  for  urban 
and  interurban  driving,  will  not  be  practical  for  cross  country  travel. 
Going  on  a long  trip'  on  the  auto  train  would  be  similar  to  taking  one's  car 
with  him  to  Europe. 

Railroads  may  also  explore  the  merits  of  providing  reasonably  priced 
auto  rentals  at  each  terminal  for  those  passengers  who  do  not  own  or 
take  their  cars.  Again,- this  would  help  to  overcome  the  cause  for  losing 
passenger  business  in  the  past. 


Vehicular  transportation 

Carpools  and  vanpools  will  doubtless  be  encouraged  much  more  in  the  future. 
Incentives  will  probably  grow.  Citizen  action  groups,  the  government  and 
employers  will  doubtless  be  involved.  Bus  and  carpool  lanes  for  crowded 
city  streets  will  be  common.  Large  parking  lots  will  be  provided  with  some 
type  of  people  moving  system  to  transport  large  numbers  of  people  rapidly 
to  mass  transit  terminals  or  central  business  districts.  Special  systems 
will  also  be  provided  for  safe,  rapid  and  efficient  movement  of  products, 
materials,  and  goods  into  and  out  of  central  business  districts. 

The  battery  powered  electric  vehicle  may  become  common  in  urban  and 
suburban  areas  especially  for  stop  and  go  delivery  service.  As  a matter 
of  fact,  the  current  required  cost  of  necessary  pollution  control  devices, 
the  increased  fuel  cost  and  much  higher  service  and  maintenance  costs  of 
multistop  gasoline  fueled  fleet  delivery  vehicles,  should  cause  fleet 
operators  to  seriously  examine  the  attributes  of  currently  available 
electric  vehicles.  In  this  regard,  the  Postal  Service  is  adding  350 
electric-powered  Jeeps  to  its  delivery  fleet  this  year.  Currently  there-, 
are  three  electric  passenger  vehicles  available  in  the  United  States.  The 
prices  vary  from  $2, 690  to -SB, 000.  Also  there  are  three  electric  delivery 
vehicles  available.  At  present,  the  electric  vehicle  business  is  growing. 
Some  people  are  predicting  that  there  will  be  around  5 million  electric 
cars  in  service  by  1985. 

From  a noise  and  air  pollution  standpoint,  electric  vehicles- are 
ideal  for  urban  and  suburban  use.  The  only  requirement  is  sufficient 
electrical  energy  for  charging  the  batteries.  This  can  be  done  at  night 
which  will  help  electric  utilities  by  utilizing  some  of  their  excess 
night  capacity.  If  a nuclear  electric  economy  prevails"  in  the  future, 
there  should  be 'no  shortage  of  electrical  energy  for  charging  batteries. 


Half  a dozen  different  types  of  storage  battery  are  receiving  current 
attention.  The  Lithium-Sulfur  battery  developed  at  the  Argonne  National 
Laboratory  looks  particulary  interesting.  These  batteries  have  produced  five 
times  as  much  energy  as  comparable  lead-acid  batteries.  They  are  estimated 
to  have  lives  of  5 to  8 years  and  be  capable  of  sustaining  between  1000 
and  1500  charge  and  discharge  cycles*.  'A  recent  design  study  [lTalters-75] 
has  shown  that  a 150- V battery  with  a storage  capacity  of  42  kWh  can  be 


F-31 


used  to  power  a 1975  Ford  Mustang  II.  It  is  36"  long,  21"  wide  by  22" 
high  and  weighs  800  pounds.  In  stop  and  start  city  driving,  the  range  of 
the  car  will  be  approximately  120  miles.  It  can  accelerate  to  50  mph 
in  15  seconds  and  to  60  mph  in  23  seconds.  The  maximum  speed  will  be  about 
80  mph.  Projected  cost  will  vary  from  $800  to  $1,250  whereas  an  equivalent 
lead-acid  storage  battery  will  cost  around  $2,500. 

The  battery  of  an  electric' vehicle  must  be  charged  daily  and  this  'is  a 
slow  process.  It  is  visualized  that  parking  lots  in  cities  and  at  railroad 
stations  and  airports  could  be  equipped  with  electrical  outlets  where  motor- 
ists could  have  their  batteries  recharged  while  parking.  In  this  way, 
the  parking  fee  would  apply  partly  for  the  electrical  energy. 

The  battery  powered  vehicle  does  not  idle  while  stopped  as  in  the  case 
of  a gasoline  powered  vehicle.  It  does  not  cause  noise  or  air  pollution 
and  neither  does  is  burn  petroleum.  It  has  a much  higher  operating 
efficiency  than  a gasoline  fueled  vehicle  in  addition  to  having  much  lower 
maintenance  costs.  It  is  ideal  for  urban  and  interurban  use. 

It  is  not  suited  for  extended  highway  travel  because  of  the  refueling 
time  required  but  seems  ideal  for  use  with  the  auto  train.  It  seems  that 
this  application  would  prove  beneficial  to  both  the  motorist  and  the  railroads. 
Railroads  and  airports  might  also  seriously  consider  the  operation  of 
electric  car  rental  services. 


Alternate  Fuels 

Alternate  fuels  will  play  a vital  role  in  the  future  even  in  a 
nuclear-electric  economy.  Liquid  hydrogen  exhibits  a great  potential 
as  an  aviation  fuel.-  Given  a source  of  energy,  hydrogen  can  be  extracted 
in  essentially  unlimited  amount.  It  is  worth  noting  that  hydrogen  can 
be  produced  by  electrolysis  or  water  splitting  methods.  Its  use  as  a 
fuel  greatly  improves  the  performance  of  subsonic  and  supersonic  aircraft, 
whereas  for  hypersonic  aircraft,  its  use  will  be  mandatory.  Liquid 
hydrogen  is  no  more  hazardous  than  methane  or  gasoline  [Small -74]  and 
furthermore  it  possesses  several  safety  advantages.  The  improved 
performance  of  hydrogen  engines  more  than  compensates  for  the  increased 
size  and  added  weight  of  the  necessary  cryogenic  fuel  tanks.  Use  of 
hydrogen  in  a subsonic  aircraft  permits  a change  in  fuel  tankage  arrange- 
ment which  yields  a drastic  reduction  in  takeoff  weight.  [Small -r74] 

Air  pollution  is  vastly  reduced;  burning  hydrogen  eliminates  carbon -related 
products  simply  because  there  is  no  carbon.  The  noise.level  is  reduced 
when  burning  hydrogen  as  the  fuel.  The  cost  will  certainly  come  down  as  use 
increases.  It  looks  as  though  hydrogen  could  possibly  become  the  ground 
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transportation  fuel  of  the  future,  depending  on  many  factors.  A few 
are  portrayed  in  Tables  F.5-1  [Gregory-73]  and  F.5-2  [Malliaris-73], 

In  Table  F.5-2,  decimal  numbers  have  been  normalized  with  respect  to 
gasoline.  The  "weight"  and  "bulk"  columns  are  based  upon  an  equivalent 
18  gallons  of  gasoline.  The  fire  hazard  column  is  rated  as  Poor,  Fair, 

Good,  and  Excellent.  Toxicity  appears  in  the  next  column  and  is  rated 
as  follows:  (0:  no  harm),  (1:  slight  but  reversible  harm),  (2:  moderate 

harm;  could  be  irreversible),  and  (3:  severe;  could  be  fatal).  Wherever 

two  numbers  appear,  the  first  refers  to  inhalation  and  the  second  to 
ingestion.  The  remaining  columns  use  the  same  rating  symbols  as  used 
for  "Fire  Hazard". 

In  view  of  the  results  of  a preliminary  assessment,  [Malliaris-73], 
the  first  choice  for  automotive  fuel  is  to  derive  synthetic  gasoline 
from  shale,  coal,  or  by  any  other  means,  provided  that  it  is  economically 
competitive  with  gasoline.  Secondly,  ethanol  should  be  considered  as  an 
alternate  fuel,  if  it  can  be  made  economically  competitive.  Propane, 
methanol,  and  liquid  methane,  in  that  order,  are  next  in  the  ranking. 
Cryogenic  hydrogen,  hydro gen /oxygen,  and  magnesium  hydride  appear  relatively 
unattractive.  The  metal  hydrides  need  further  research  and  development. 
Ammonia  and  hydrazine  are  even  less  attractive  -~  their  poor  toxicity 
rating  presents  a serious  problem. 

An  available  technology  exists  today  for  utilizing  solar  energy  to 
grow  suitable  crops  and  then  convert  them  into  ethanol  by  fermentation. 

In  this  fashion,  large  scale  solar-energy  farms  could  be  utilized  to 
produce  vast  quantities  of  ethanol,  but  the  economics  have  not  yet  been 
assessed. 

Methanol  can  be  synthesized  in  vast  quantities  from  water-derived 
hydrogen  and  coal -derived  carbon  dioxide.  It  is  cleaner  burning  than 
gasoline  and  is,  therefore,  more  ecologically  acceptable.  In  spite  of 
the  unfavorable  energy  density,  the  fuel  economy  of  methanol  is  as  good 
as  that  of  gasoline.  A methanol  fueled  engine  is  difficult  to  crank 
at  low  temperature.  Also,  deterioration  of  some  types  of  metal  plating, 
certain  plastics  and  a few  die  cast  carburetor  parts  have  been  reported. 

It  is  believed,  however,  that  these  problems  can  be  overcome. 

Ammonia  will  not  yield  any  carbon  compounds  as  do  atmospheric  pollutants 
and  furthermore,  its  nitric  oxide  emission  will  be  less  than  one-fifth 
of  that  procUded  from  gasoline.  It  has  an  extremely  high  octane  rating 
and  achieves  it  without  the  use  of  lead  or  other  additives.  Ammonia, 
although  toxic,  has  a characteristic  odor  and,  furthermore,  it  is  lighter 
than  air  so  that  it  has  a tendency  to  rise  in  the  atmo^here  and  disperse. 

It  is  readily  vaporized  which  is  very  essential  for  spa'rk  ignition 
engines.  It  is  noted,  however,  that  copper,  brass,  and  zinc  are  attacked 
by  it  and  hence  any  affected  parts  normally  constructed  of  these  materials 
should  be  made  of  steel  or  aluminum. 
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TABLE  F.5-1  -COMPARISON  OF  STORAGE  PROPERTIES  OF  VARIOUS  FUELS  [GREGORY-73] 


SI  (Metric)  Unt» ConvcntionaJ  EnemeefingUmii 

Energy  Denaly  Amount  Equivalent  to  20  gal  Gasoline  Energy  Density  Amount  Equivalent  to  20  gal  Gasoline 


Density  . Density, 

a ■»  < t 


Fuel  Ctsde 

J/kgX  10’ 

J/m^X  10^ 

1 

kg(rud) 

NR 

(tank  and  fuel) 

Ib/ft^  (60*0 

DUi/lh 

Btu/fp 

gal 

lb  (fuel) 

(tank  and  fuel) 

Typical  gasoline 
Methane  gas  (CH^  - 

702 

44,380 

311,700 

75.7 

53.1 

68 

43.8 

19,080 

835,700 

20.0 

117 

150 

1 38  X 10^  N/m^.3000pJl») 
Liquid  propane  (LPG  — 

IM 

50.000 

56,850 

415 

47.2 

500 

7.09 

21500 

152.400 

no 

104 

1100 

6 89  X lO^N/ni^.lOOpsia) 
Methanol 

510 

84, -too 

236,000 

100 

51.1 

85 

31.8 

19.90D 

632,800 

26.4 

112 

180 

<anhyd  CH3OH) 
Ethanol 

797 

20,100 

160,200 

147 

U7 

141 

49.7 

8.640 

429,400 

3S9 

253 

310 

(anhyd  CjII^OH) 
Liquid  hydrogen 

795 

26,860 

213,700 

110 

8S.0 

107 

49.6 

11,550 

572.900 

29.2 

194 

235 

(at  NUPJ 
Hydrogen  gas 

71 

120,900 

85,900 

275 

19.5 

136 

4 43 

51,980 

230,300 

72  6 

43.0 

300 

(1  38  X 10''N/m^,2OO0p!ia) 
Metal  hydride 

1.07 

120,900 

12,920 

1820 

19. 5 

2090 

0.667 

51,980 

34,550 

482 

43.0 

4600 

(MgjNi 

Liquid  ammonia 

1760 

10,100 

179,000 

132 

333 

284 

no 

4,350 

479.900 

34.8 

513 

625 

(Ji  NBP) 

771 

18,600 

143,500 

164 

127 

152 

48.1 

8,000 

384,800 

43.3 

279 

335 

TABLE  F.5-2  [MALLIARIS-73]  RELATIVE  PROPERTIES  OF  CERTAIN  NOVEL 
FUELS  FOR  REFERENCE  PURPOSES 


Relative 
Gallons 
per  BID 

Relative 
Founds 
per  BTU 

Weight 

(lbs) 

Bulk 

(cu.  ft.) 

Fire 

Hazard 

Rating 

Toxicity 

Combustion 

Rating 

Dlstrib. 

Logistics 

Tankage 

Cost 

Gasoline 

1.0 

1.0 

125 

3 

F 

1-2 

G 

E 

E 

Hethsne  (II4 ■ ) 

1.6 

0.9 

210 

5 

F 

0-1 

E 

F 

F 

Propane 

1.1 

1.0 

185 

4 

F 

0-1 

E 

F 

G 

Kerhanol 

1.8 

2.1 

250 

6 

G 

1-3 

G 

F 

G 

EChanol 

1.4 

1.6 

180 

3 

C 

1-2 

G 

C 

E 

Llq. 

Hydrogen 

3.9 

0.4 

150 

13 

P 

0 

G 

P 

P 

Llq.  Hydr/ 
Llq.  Oxyg. 

5.7 

3.6 

550 

18 

P 

0 

E 

P 

P 

Magnesium 

Hydride 

4.1 

4.9 

700 

14 

P 

0 

E 

P 

P 

Anmonla 

2.0 

2.3 

300 

7 

0 

3 

P 

P 

r 

Hydraslne 

1.6 

2.3 

265 

5 

E 

3 

P 

P 

F 
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There  are  other  factors  which  may  overshadow  those  tabulated  in  this 
section,  such  as  availability  of  needed  raw  material,  economics  of  produc- 
tion, distribution  and  consumption,  and  finally  the  energy  intensity  of 
synthesis.  These  factors  may  not  only  cause  a change  in  indicated  ranking, 
but,  when  coupled  with  new  developments,  could  cause  an  entirely  new  and 
different  fuel  to  emerge  as  the  transportation  fuel  of  the  future.  It  will 
be  interesting  indeed  to  watch  for  the  fuels  of  the  future. 

The  following  references  were  used  in  writing  this  section: 

CAnkrum-74T 

CBader-75] 

llDietz-7511 

CFisher-74] 

CFleming-75Ii 

CGregory-73T 

nHafer-75T 

CHeck-753 

CHodson-74II 

CHolt-75T 

CIngamells-751 

IIKucera-75] 

Clan  caster-753 
CMulliaris-733 
CMorris-753 
CPowen-75: 

CSchaefer-753 
CShul diner- 753 
CSi lien-753 
rStewart-743 
mil  man- 753 
CVandersl  ice-743 
CWalters-753 
CWeiner-753 
EWhalen-753 
CWyman-693 
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F.6  ENERGY  ENVELOPE  CURVES  FOR  THE  TRANSPORTATION  SECTOR 

In  an  effort  to  clarify  the  potential  savings  of  energy  by  various 
actions,  energy  envelope  curves  were  produced  for  the  movement  of 
passengers  and  freight.  In  each  case,  the  projected  passenger-miles 
and  ton-miles  were  assumed  to  be  unchanged  from  the  historical, 
growth  pattern.  [Ford-74,  444-454] 


F.e.l  PASSENGER  TRAFFIC 

The  United  States  population  growth  was  assumed  to  be  that  shown 
by  the  U.  S.  Census  Bureau.  [Census-72]  The  historical  growth, 

HG,  of  our  population,  and  the  total  number  of  passenger-miles-  are 
shown  In  Table  F.  6.1-1. 


Several  of:the  assumptions  and  other  required  data  to  produce 
these  energy  envelopes  were  taken  from  the  report  "A  Time  to  Choose, 
America's  Energy  Future",  which  was  funded  by  the  Ford  Foundation. 
'[Ford-74,  440-441]  These  assumptions  included: 

"The  heating  value  of  gasoline  is  125,000  BTU's 
per  gallon. 

Cars  are  driven,  on  the  average,  10,000  miles 
per  year.  This  is  an  average  figure  for  1970 
and  has  changed  a little  over  the  years. 

The  urban  load  factor  is  1.4  passenger-miles 
per  vehicle  miles;  the  rural  value  is  2.4  pm/ 
vffl.  [DOT-1972] 


The  average  rural  fuel  economy  (FE)r  is  assumed 
to  be  1.3  time  the  urban  fuel  economy  (FE)u. 
Both  are  related  to  the  average  fuel  economy 
(FE)av  by 

(FE)r=(l+0.3  fu)(FE)av  ■ 

( FE ) u=(U0.3  fuHFE)av 
1.3 


(F.6. 1-1) 


where  fu  is  the  fraction  of  vm  driven  in  urban  areas." 


In  order  to  generate  a curve  representing  the  maximum  amount 
of  energy  required  to  provide  the  passenger-miles  shown  in  Table 
F.6. 1-1,  the  following  assumptions  were  made.  First,  since  the  U.  S. 
is  extensively  laced  with  roads  and  since  the  automobile  is  more 
energy  intensive  than  either  the  bus  or  the  railroad,  it  was  as- 
sumed that  all  passenger  traffic  was  shifted  to  automobile.  However, 
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TABLE  F.6.1-1 


HISTORICAL  GROWTH  OF  THE  U.S.  POPULATION  AND 
THE  NUMBER  OF  PASSENGER-MILES  TRAVELED 


YEAR 

POPULATION 

PASSENGER-MILES 

1970 

205  million 

1.90  X 1012 

1975 

215 

2.16  X 10l2 

1985 

236 

2.50  X 10l2 

2000 

265 

3.71  X lO^'^ 

TABLE  F.6.1-2  PASSENGER  TRANSPORTATION 
REQUIREMENT  (quadrillion  BTU's) 


H G MAXIMUM  ENERGY  REQUIRED 


1970 

1975 

1985 

2000 

1970 

1975 

1985 

2000 

Auto 

8.2 

10.0 

12.5 

15.2 

8.75 

10.67 

13.25 

16.12 

Bus 

0.2 

0.2 

0.2 

0.2 

- 

- 

- 

- 

Air 

0.9 

1.32 

2.76 

6.20 

0.90 

1.32 

2.76 

6.20 

Rail 

0.03 

0.04 

0.05 

0.09 

- 

- 

- 

- 

9.3 

11.6 

15.5 

21.7 

9.7 

12.7 

16.0 

22.3 

TABLE  F.6.1-3  MINIMAL  PASSENGER  TRANSPORTATION 
REQUIREMENT  (quadrillion  BTU's) 

MODAL  SHIFTS  IMPROVED  EFFICIENCY 


1970 

1975 

1985 

2000 

1970 

1975 

T985 

2000 

Auto 

2.82 

3.40 

4.09 

4.95 

2.82 

3.40 

2.71 

2.21 

Bus 

1.81 

2.05 

2.47 

2.91 

1.81 

2.05 

2.22 

2.18 

Air 

0.56 

0.82 

1.72 

3.87 

0.56 

0,82 

1.55 

2.91 

Rail 

0.94 

1.10 

1.40 

2.13 

0.94 

1.10 

1.28 

1.60 

6.1 

7.4 

9.7 

13.9 

6.1 

7.4 

7.8 

8.9 
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because  aircraft  are  more  energy  intensive  than  automobiles, 
the  projected  historical  growth  pattern  for  air  passenger  travel 
was  retained.  Table  F.  6.1-2  shows  both  the  historical  growth  pat- 
tern and  the  maximum  amount  of  energy  required  taking  into  account 
the  shifts  of  mode  assumed. 

Next,  an  estimate  of  the  lowest  amount  of  energy  required  to 
achieve  the  same  amount  of  passenger  travel  was  produced.  These 
calculations  were  made  in  two  parts;  first,  by  assuming  substantial 
shifts  in  the  mode  of  transportation,  and  secondly,  by  assuming  increases 
in  the  efficiency  of  each  mode.  These  assumptions  are  listed  as  follows: 


Extensive  urban  carpooling  was  assumed  with  an 
average  of  3 passenger  per  vehicle  for  50%  of 
all  urban  miles. 

The  remaining  50%  of  urban  miles  were  assumed 
to  be  provided  by  buses. 

A shift  of  50%  of  intercity,  or  rural,  pas- 
senger-miles to  bus  and  rail  was  assumed. 
One-half  of  this  amount  was  carried  by  each 
mode. 

Next,  domestic  airline  travel  was  assumed  to 
be  cut  by  one-half  and  shifted  to  rail.  The 
remainder  was  assumed  to  be  carried  by  the 
airlines,  and  no  change  in  international  traf- 
fic was  assumed. 


Finally,  fuel  efficiency  Improvements  for  each 
mode  were  assumed.  These  improvements  were 
assumed  to  occur  linearly  with  time.  A 100% 
improvement  in  fuel  efficiency’s  by  the  year 
2000,  was  assumed  for  the  automobile.  On  the 
other  hand,  only  a 25%  improvement,  by  the 
year  2000,  was  assumed  for  the  other  modes. 

These  changes  were  assumed  to  begin  in  the 
year  1975. 

Using  these  assumptions,  1-4,  energy  requirements  based  on  modal  shifts 
were  evaluated,  then  the  effects  of  efficiency  improvements  were 
included.  Both  modifications  are  shown  in  Table  F.6.1-3.  A plot 
of  these  results  is  shown  in  Fig.  F.6.1-1. 


F.6.2.  FREIGHT  TRAFFIC 

In  similar  manner,  the  envelope  curves  for  movement  of  freight 
were  established.  To  determine  the  maximum  energy  envelope,  it 
was  assumed  that  all  energy  carried  by  the  rails  was  shifted  to 


ENERGY  USED  ~ QUADS  OF  BTU'S 


FIBURE  F. 
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FOR  PASSENGER  TRAVEL 
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trucks.  The  average  fuel  efficiency  for  all  trucks  was  taken  to 
be  5,750  BTU/ton-mile  while  for  trains  the  fuel  efficiency  was 
taken  as  670  BTU/tone-mile.  [Ford'74]  Air  freight  was  assumed 
to  be  the  same  as  the  historical  growth  pattern.  Energy  use  pat- 
terns are  shown  in  Table  F. 6,2-1.  It  should  be  emphasized  that 
the  number  of  ton-miles  is  the  same  for  both  cases.  To  include 
all  transportation  energy  required,  operation  of  farm  machinery 
and  miscellanous  uses  were  included  in  the  freight  category. 
Miscellaneous  includes  ship  requirements. 

To  establish  the  minimum  energy  requirements,  several  assumptions 
were  made. 


The  energy  requirements  for  farm  machinery  were  assumed  to  be 
the  same. 

The  energy  requirements  for  the  miscellaneous  category  were 
assumed  to  be  the  same. 


According  to  [Ford-74  pg  451],  “40^  of  all  freight 
tonnage  in  1967  could  have  been  hauled  by  either 
truck,  or  rail.  However,  trucks  carried  over  80% 
of  this  cargo.  These  estimates  along  with  the 
actual  ton-miles  carried  by  both  rail  and  truck 
were  used  to  establish  that  trucks  were  necessary 
for  about  174  x 10^  ton-mrfTes  of  cargo;  this  is”, 
about  14%  of  the  total.  This  percentage  has  been 
assumed  constant  in  the  required  calcutation.i .e. , 
the  other  86%  was  assumed  to  be  carried  by  rail. 

Also,  all"domestic  air  freight  was  assumed  to  be 
moved  by  rail ‘and  truck,  and  in  the  same  percen- 
tages as  stated  previously. 

Finally,  air,  truck  and  rail  modes  of  transport- 
ation were  assumed  to  improve  in  efficiency  in 
a linear  fashion  by  25%  by  the  year  2000. 

Both  the  effects  of  shifts  of  mode  and  improvements  in  efficiency  are 
shown  in  Table  F.6,2-2.  These  results  are  plotted  in  Fig.  F.6.2-1, 

Adding  the  energy  results  produced  for  freight  and  passenger  transporta- 
tion yields  Figure  F.6.2-2.  Then,  the  domestic  petroleum  supply  and  the 
total  oil  supply  have  been  included  in  Fig.  F.6.2-3,  as  well  as  the  results 
of  the  technical  fix  and  zero  energy  growth  as  studied  in  the  Ford  Founda- 
tion Project. 

It  is  this  curve  that  is  rather  fascinating.  First,  it  shows 
the  difficulties  ahead  for  the  country  if  the  historical  growth  pat- 
tern is  allowed  to  proceed  unchecked,  and  the  severe  dependence  on 
foreign  oil  that  would  result.  The  Figure  also  provides  a solid 
argument  for  either  alternative  fuel  resources,  or  required  large 
changes  in  lifestyle,  or  both. 
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TABLE-  F.6.2-1  FREIGHT  TRANSPORTATION  ENERGY 
REQUIREMENTS  (quadrillion  BTU's} 


H G 


MAXIMUM  ENERGY  REQUIRED 


1970 

1975 

1985 

2000 

1970 

1975 

1985 

2000 

Air 

0.30 

0.50 

1.60 

5.40 

0.30 

0.58 

1.60 

5.40 

Truck 

3.50 

4.20 

5.30 

6.50 

7.96 

9.52 

13.11 

20.06 

Rail 

0.52 

0.62 

0.91 

1.58 

- 

- 

- 

- 

Farm  mach 

1.10 

1.20 

1.30 

1.70 

1.10 

1.20 

1.30 

l.SO 

Misc. 

0.90 

1.00 

1.30 

1.70 

0.90 

1.00 

1.30 

1.70 

6.3 

7.6 

10.4 

16.7 

10.3 

12.3 

17.3 

28.7 

TABLE  F.6.2-2  MINIMUM  FREIGHT  TRANSPORTATION 
ENERGY  REQUIREMENTS  (quadrillion  Btu's) 


MODAL  SHIFTS 


IMPROVED  FUEL  EFFICIENCY 


1970 

1975 

1985 

2000 

1970 

1975 

1985 

2000 

Air 

0.10 

0.24 

0,72 

2.49 

0.10 

1.87 

Truck 

1.00 

1..37 

1.85 

2,89 

1.00 

1.37 

1.39 

2.17 

Rail 

0.81 

0.95 

1.28 

2.01 

0,81 

0.96 

1.51 

Farm  Mach 

.1.10 

1.20 

1.30 

1.50 

1.10 

1.20 

1,50 

Misc 

0.90 

1.00 

1.30 

1.70 

0.90 

MliCllM 

1,70 

3.9 

4.8 

6.5 

10.6 

3,9 

4.8 

5.5 

8.7 

FIRURE  F.6,2-1 . £NVELOPE OF  PROJECTED  ENERGY  REQUIREMENTS 
FOR  FREIGHT  TRANSPORTATION 


FIGURE  F.6.2-2.  ENVELOPE  OF  PROJECTED  ENERGY  REQUi  REMENTS 

FOR  TRANSPORTATION 
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APPENDIX  G,  CONSERVATION  IN  THE  RESIDENTIAL  AND 
COMMERCIAL  SECTOR 


G . 1 . INTRODUCTION 

A detailed  analysis  of  conservation  actions  relevant  to  the  sector 
leaves  one  with  the  conclusion  that  the  potential  for  savings  is  great 
and,  if  the  nation  is  determined  to  curtail  its  dependence  on  oil  imports, 
concerted  efforts  must  be  made  to  achieve  this  potential.  The  task  will 
not  be  easy,  however,  since  many  of  the  actions  require  significant  life 
style  changes  that  are  difficult  to  accomplish.  For  example,  turning  back 
thermostats  at  night,  reducing  lighting,  and  maintaining  proper  condition- 
ing of  appliances  are  apparently  easy  tasks  to  achieve,  but  evidence  indi- 
cates otherwise.  Even  the  retrofitting  of  homes  is  hindered  by  initial 
costs,  though  the  payback  period  is  short.  Also,  consumption  patterns  are 
very  unpredictable  — families  living  in  nearly  identical  homes  may  vary 
radically  in  energy  demands. 

Furthermore,  many  of  the  conservation  actions  that  are  cited  as 
"instant"  solutions  to  the  energy  crisis  are  those  with  only  mid  to  long 
term  potential.  Solar  energy  is  one  example;  the  heat  pump  is  another. 

There  are  ways,  however,  of  accomplishing  very  significant 
savings  in.  the  residential /commercial  sector.  Three  approaches  are  viable 
— adjusting  price-structure,  mandating  actions,  and  educating  consumers. 

Of  these  three,  the  first  two  appear  to  be  the  most  feasible,  but  they 
are  not  without  a price.  Higher  utility  bills  adversely  affect  the  poor 
and  the  elderly  on  fixed  incomes  and  leads  one  to  the  conclusion  that  a 
dramatic  rise  in  the  price  of  gasoline  might  accomplish  the  same  savings 
without  as  much  societal  disruption.  One  can  carpool  to  work  or  drive  a 
smaller  automobile.  It  may  be  more  difficult,  however,  for  the  elderly  to 
lower  thermostat  settings  in  the  winter  or  do  without  air  conditioning  dur- 
ing air  pollution  episodes.  Likewise,  strict  mandatory  measures  can  be 
quite  distasteful. 

But  the  alternatives,  such  as  voluntary  savings  accomplished  through 
education- processes,  have  a minimal  effect  in  a nation  without  a true  conser- 
vation ethic.  In  the  time  period  from  June,  T973  to  June,  1974,  gasoline 
demand  increased  by  2.9  percent  even  though  prices  had  jumped  by  42  percent 
and  the  nation  was  in  the  midst  of  a massive  indoctrination  program  to  save 
energy. 
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In  order  to  realize  the  potential  afforded  the  residential /commercial 
sector  for  conserving  energy,  we  recommend  that  the  following  actions  be 
properly  assessed  in  order  to  determine  their  overall  feasibility. 

Provide  tax  incentives  for  a massive  retrofitting  of  homes. 

Mandate  50-30-10  footcandle  standard  for  all  commercial  buildings. 
The  "delamping"  program  in  the  General  Service  Administration  is 
an  excellent  indication  that  "policy"  actions  can  succeed  with 
minimum  impacts. 

Accomplish  500,000  solar  installations  per  year  by  1980  by  sub- 
sidizing industry  for  their  production  and  providing  tax  incentives 
• for  installation  in  all  new  building  starts. 

Adopt  differential  pricing  of  electricity  for  households. 

Investigate  the  standardization  of  appliances. 

Adopt  guideline  of  30,000  BTU/sq.-ft.  for  energy  consumption  ■ 
in  residential/commercial  buildings. 

Encourage  the  building  of  smaller  homes  by  raising  property  taxes. 

Train  "energy  consultants"  to  work  with  the  homeowners  and  small 
commercial  establishments  to  accomplish  savings  and  to  educate 
homeowners  on  concepts  such  as  life-cycle  costing. 

Encourage  greater  consumer  acceptance  of  heat  pumps  and  increased 
market  penetration,  especially  in  Southern  regions  or  as  an  alter- 
native -to_  electric  resistance  heating. 

Increase  funding  for  implementation  of  technologies  developed  by 
NASA  and  similar  agencies.  (Ex.  a midwestern  utility  is  presently 
using  an  aerial  survey  technique  developed  with  NASA  support  to 
measure  rooftop  heat  loss  from  homes  and  commercial  buildings  and 
show  their  owners  whether  they  are  wasting  fuel  because  of  inade- 
quate insulation.) 


G.1.1.  IDENTIFYING  AND  ASSESSING  CONSERVATION  ACTIONS  IN  THE  RESIDENTIAL/ 
COMMERCIAL  SECTOR 

As  the  group  oroceeded  with  the  task  of  identifying  individual  conservation 
actions  it  became  obvious  immediately  that  the' actions  could  be  classified 
into  a number  of  categories.  At  first  the  most  obvious  classification 
seemed  to  be  under  the  broad  topics  --  increased  efficiency,  reduced  demand 
and  substitution.  The  task  group  actually  divided  into  three  sub-task  groups 
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for  the  specific  purpose  of  considering  the  actions  under  these  headings. 

It  soon  became  apparent,  however,  that  actions  may  not  only  increase  effi- 
ciency but  also  reduce  demand.  Of  course,  substitution  actions  automatically 
reduce  demand  of  a scarce  resource.  By  retrofitting  one  reduces  the  space 
heating  requirement  while  increasing  the  overall  efficiency  of  the  building. 
Utilization  of  solar  hot  water  heating  may  reduce  demand  for  the  scarce  re- 
source natural  gas. 

Another  obvious  means  of  classification  was  by  time  frame.  Near  or 
short  term  actions  are  those  that  are  implemented  before  1985;  mid  term 
actions  fall  into  the  time  period  1985-2000;  and  long  term  actions  are  those 
that  require  major  technological  developments  and  will  not  be  implemented 
before  2000,  This  classification  served  a very  useful  purpose.  If  an  immed- 
iate response  to  the  OPEC  embargo  was  one  of  reducing  demand  on  foreign  im- 
ports by  conservation -actions,  then  it  seemed  logical  to  identify  those  act- 
ions that  bring  immediate  relief.  Planting  shade  trees  was  not  one  such  act- 
.ion  for  obvious  reasons.  Neither  was  solar  energy,  although  it  may  have  tre- 
mendous potential  in  the  future. 

In  addition,  most  actions  may  be  identified  under  the  general  categories 
of  those  that:  (1)  impact  HVAC  systems  (heating,  ventilating,  and  air 

conditioning),  (2)  reduce  lighting,  (3)  affect  appliances  or  (4)  general 
housekeeping  measures. 

Whatever  the  classification,,  it  was  necessary  to  identify  a number 
of  conservation  actions  and  then  filter  these  through  an  evaluation  matrix. 
The  purpose  of  such  a procedure  was  to  eliminate  a number  of  actions  by  an 
initial  qualitative  assessment  and  in  the  process  identify  those  with 
Dossibly  high  ootential . .See  Figure  G. 1.1-1  for  adiagram  of 
the  overall  approach.  Section  G.1.3  contains  a list  of  conservation 
actions  relevant“to“the  sector.  In  a proper  analysis  all  of  these 
actions  v/ould  be  assessed  qualitatively  by  utilization  of  an  action 
evaluation  matrix  such  as  that  depicted  in  Table  G. 1.1-1.  The  matrix 
provides  for  consideration  of  potential  savings,  ease  of  implementation, 
requirement  availability  Tmnacts  and  a final  listing  bs  to  overall 
potential.  Although  time  did  not  allow  all  actions  to  be  assessed.  Table 
G. 1.1-1  lists  several  assessed  actions  to  illustrate  the  methodology. 

The  assessment  code  allows  one  to  range  from  a +H  to  a -H  where 
+H  ts  highly  favorable  or  positive  and  -H  refers  to  a highly  unfavorable 
action.  To  illustrate,,  a +H  rating  for  capital  availability  indicates  a 
highly  favorable  response  to  the  criteria  "Is  the  capital  available?". 
Likewise,  a. -M  rating  for  environmental  impact  indicates  the  liklihood 
of  unfavorable  environmental  disruption  if  the  action  is  implemented. 

After  a qualitative  assessment,  several  specific  actions  were  individually 
assessed  to  determine  their  overall  feasibility  by  considering  major 
requirements  and  impacts.  Detailed  assessments  for  the  selected  actions 
are  summarized  in  Chapter  7 and  listed  in  Appendix  G.2  through  G.6. 


FIGURE  G.I.I-1. 

SCHEMATIC  OF  THE  THREE  SUB-TASK  GROUP  SYSTEMS  APPROACH 
IN  THE  RESIDENTIAU  COMMERICAL  SECTOR 


TABLE  G. 1*1-1  CONSERVATION. ACT ION  EVALUATION  MATRIX- 


g AVAILABILITY  impacts 


CONSERVATION 

ACTION 

POTENTIAL 
SAVINGS  - 

EASE  OF 
IMPLEMENTATK 

....i 

S- 

Ol. 

< 

O 

o; 

LU 

o 

tx.' 

M. 

— 

MATERIALS 

SOCIAL 

POLITICAL 

ECONOMIC 

1 

se 

O mJ 
0£ 

5>  SC 
2?  LU 

uj  s: 

OVERALL 

POTENTIAL 

Reduce  thermostat 
setting  to  68“  in 
winter 

+M 

+M 

fH  . 

+H  ' 

+H 

-L 

+M 

4H 

4H 

+M 

Raise  thermostat 
setting  to  78“  in 
surmier 

+L 

4H 

+H 

+H 

“-L 

4M 

4H  . 

4H 

4L 

Alter  the  night' 
thermostat  setting  to 
60“F  af  night  (8  hrs. ) 

^Potential  .savings  for 
both  Residential  and 
commercial  sectors  are 
combined  in  some  cases 

+M  ‘ 

-L 

. 

+L 

+L 

-L 

+L 

-L 

. 

. 

+L 

4M 

+L 

Favorable  or  positive 
Unfavorable  or  negative 
'H"  High  ' 

"M'-'  Meduim 
■L"  Low 

No  effect 


COMMENT 


Residential .saving  550  x 10^  BTU 
to  670  X 10®  BTU, 'or  30-40  dollars 
per  unit.  Total  potential  saving 
2.07  quads.  Requires  no  tnci.ev, 
material  dr  manpov/er.  Implement- 
ation depends  on  educational  pro- 
grams and  financial  incentives. 
Impacts  on  utility  load  factor. 

Can  be  instituted  immediately  and 
be  effective  in  the  near  term. 

Easy  to  impl-emert.  Total  potential 
annual  savings  1.066  Q.  and  assumed 
achievable  savings  of  .522  0. 

No  investment  required.  , Also 
impacts  on  utility  load  factor. 

Total  Dotential  annual  savings 
1,15  0 but  assumed  achievable  sav- 
ings only  .273  Q. 

Impacts  in  utilities,  bedding 
manufacturers,  users.  Increasing 
fuel  costs  are  incentive  for 
' action 


CD 

I 
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table  G. 1.1-1  CONSERVATION  ACTION  EVALUATION  MATRIX  (con't) 
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AVAILABILITY 
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o 

CO 

o 

a. 

o 

UJ 

s:  UJ 
UJ  S 

>.  o 
O cu 

Add  insulation  at 
■ceilings  to  R-19  value 

+M 

-L 

■^L 

+L 

-L 

+L 

-L 

+L 

•f-M 

+L 

Add  insulation  at 
exterior  walls  to  R-11 
values 

-f-M 

+L 

+L 

+L 

-L 

+L 

-L 

+L 

+M 

+L 

Install  storm  windows* • 
double  glazing. or  high 
efficiency  glass. 

+M 

+.L 

V 

+L 

tL 

+L 

It  It 

+L 

+L 

•tL 

+L 

COMMENT 


Impact  on  suppliers  and  installers. 
Requires  moderate  investment  for 
payback  in  10  years  or  less.  Sat- 
uration of  potential  will  be  slow 
if  at  all  and  not  be  effected  be- 
fore 1985, 

Total  potential  annual  savings 
1.27  0,  assumed  achievable  savings 
o.nly  .378  0. 

Potential  savings  .513  Q/yr-, 
assumed  achievable  savings  only 
.013  Q/yr.  Not  considered  to  be 
applicable  to  existing  housing 
and  only  limited  existing  commer- 
cial application.' 

Impacts  on  materials  supply  and 
requires  money.  Most  likely  in- 
centive is  money.  Implementation 
by  code. ' 

Save  5 to  6 dollars/window  over 
winter  season  for  an  investment  of 
15  to  20  dollars  per  window.  Fair- 
ly quick  recovery  possible.  Total 
potential  savings  .621  Q/yr.  assumed 
achievable  savings  .074  Q. 

Impacts  ofmoney  and  materials 
manufacturers. 
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< 
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Insulate-  hot  water 
pipes 

+L  . 

+L  ^ 

+L 

+L 

+L 

(I  II 

It  II 

II  11 

ti  II 

Keep  heat  transfer 
surfaces  in  water 
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Cost  of  insulation  is  barrier, 
considering  potential  savings. 

As  part  of  a retrofit  program  it 
contributes  savings. 


+L  Allows.  effi,cien.t  conductive  heat 
transfer  into  water.  Potential 
savings  small..  Quickly  implemented. 

+M  Reduced  energy  consumption  for 
space  heating.  High  C.O.P.  Time 
frame  1975-8'5.  Requires  consumer 
' education  program.  Potential 
savings  to  be  realized  by  1985, 

.4  quads. 

Favored  in  new  construction 


+M 


A variety  of  low  water  usage  aopli- 
ances  - dishwashers,  showers  - 
coupled  with  improved  water  heaters 
utilizing  dual  tank  concept  and 
timers  could  save- 200,000  barrels 
of  oil  and  gas/day.  Assume  1/4  of 
the  residences  used  such  devices 
at  savings  of  BOVresidence 


£T5 

I 


G'.l.l-l  CONSERVATION  ACTION  EVALUATION  MATRIX  (con't) 


• “SE 

AVAILABIl 

LITV 

IMPACTS 

CCfiSERVATlOfi 

ACTION 

POTENTIAL 

SAVINGS 

O 

►H 

S 

u.  S 
o ^ 

UJ 
UJ  -J 

35 

1 

CAPITAL 

MANPOWER 

1 

J 

MATERIALS 

SOCIAL 

POLITICAL 

u 

5 

5 

o 

LJ 

1 

< 
»i  h- 
>■  Z 
2:  UJ 

uj  :sz 

OVERALL 

Mandate  government 

1 

f 

-L  . 

standards  for  l.ighting 
in  al,l  new  and  exist- 
ing commerciaT  build- 
ings . 

(50-30-10  foot  candles 
std. ) 

+H 

+M 

+H 

+H 

+H 

+L 

+L 

+L 

+H 

Make  wide  use  of 
Shade  trees. 

-H 

+M 

-L 

-L 

+L 

+H 

+M 

1 

+M 

-H 

Eliminate  gas  pilot 
lights  on  ranges', 
furnaces  and  water 
heaters  ■ 

1 

+M 

1 

! 

+L 

! 

+M 

+M 

+M 

II  tl 

II  II 

+M 

+H 

+L 

1 

1 

Develop  integrated 
utility' systems. 

i 

i 

+M 

j 

j 

j 

1 

1 

1 

=M 

-L 

-L 

-L 

1 

1 

-H 

i 

-L 

. ! 

tl  ri 

+H 

-L 

COMMENT 


.65  Quads,  or  50%  savings. 
Requires  government  action. 


Not  effective  in  the  near  term 
unless  trees  are  existing. 

Approximately  8%  of  total  resid- 
ential natural  gas  is  used  by 
pilot  lights  vyhen  the  burners  are 
off.  Reolacement  w/reliable  and 
inexpensive  lighter.  The  savings 
equal  116  X lO^^-BTU/day. 

Idealized  utility  system  generates 
electric,  power  and  use  recovered 
heat  for  other  functions  such  as 
space  heating  and  cooling,  water 
processing  and  storage  drying. 
Waste  could  be  used  as  a supple- 
mentary enecgy  source.  All  util- 
ized in  10%  of  commercial  and 
residential  buildings  by  1985  at 
a 40%  savings/building.  Total 
savings  equal  116  x 10^®  BTU/dax.„ 
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G.1.2.  LIST  OF  CONSERVATION  ACTIONS 

One  major  consideration  of  the  residential /cormiercial  task  group  was 
the  identification  of  conservation  actions  related  to  the  sector.  As 
related  previously,  a large  number  of  these  actions  were  qualitatively 
assessed  as  to  ease  of  implementation,  potential  savings,  requirements, 
impacts,  etc.  in  order  to  initially  determine  those  few  that  merit  further 
consideration.  Although  the  list  is  long,  it  is  not  inclusive..  It  does 
serve  as  an  overview  of  possible  actions  within  the  sector.  Many  of  these 
actions  are  taken  from  the  booklet  "Energy  Conservation  Design  Guidelines 
for  Office  Buildings"  tGSA-74]  and  "National  Petroleum  Council  Report  on 
Energy  Conservation".  [NPC-74] 


Individual  Conservation  Actions  Related  to  Residential /Commercial 
Sector 


Use  deciduous  trees  for  their  summer  sun  shading  effects  and 
wind  break  for  buildings  up  to  three  stories. 

Use  conifer  trees  for  summer  and  winter  sun  shading  and  wind 
breaks . 

Cover  exterior  walls  and/or  roof  with  earth  and  planting  to 
reduce  heat  transmission  and  solar  gain. 

Shade  walls  and  paved  areas  adjacent  to  building  to  reduce 
indoor/outdoor  temperature  differential. 

Reduce  paved  areas  and  use  grass  or  other  vegetation  to  reduce 
outdoor  temperature  build-up. 

Use  ponds,  water  fountains,  to  reduce  ambient  outdoor  air 
temperature  around  building. 

Collect  rain  water  for  use  in  building. 

Locate  building  on  site  to  induce  air  flow  effects  for  natural 
ventilation  and  cooling. 

Orient  buildings  to  minimize  wind  effects  on  exterior  surfaces. 

Select  site  with  high  air  quality  to  enhance  natural  ventilation. 

Select  a site  that  has  topographical  features  and  adjacent 
structures  that  provide  desirable  shading. 

Select  a site  that  allows  optimum  orientation  and  configuration 
to  minimize  yearly  energy  consumption. 

Select  site  to  reduce  specular  heat  reflections  from  water. 

Utilize  sloping  site  to  partially  bury  building  or  use  earth 
berms  to  reduce  heat  transmission  and  solar  radiation. 
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Use  minimum  ratio  of  window  area  to  wall  area. 

• Use  double  glazing. 

Use  triple  glazing. 

Use  double  reflective  glazing. 

Manipulate  east  and  west  walls  so  that  windows  face  south. 

Use  vn'ndow  frames  that  form  a thermal  bridge. 

Allow  direct  sun  on  windows  November  through  March. 

Use  operable  thermal  shutters  which  decrease  the  composite  "U" 
value  to  b.l . 

Use  storm  sash  or  high  efficiency  glass« 

' . • r • • ! I ■ 

Shade  windows  from  direct  sun  April  through  October. 

Consider  the  use  of  the  insulation  type  which  can  be  most 
efficiently  applied  to  optimize  the  "thermal  resistance  of 
the  wall  dr  roof;  for  example*  'some  type's  of  insulation’ are 
difficult  to  install  without'  voids  or  shrinkage. 

Protect  insulation  from  moisture  originating  outdoors,  since 
volume  decreases  when  wet. 

Use  insulation  v/ith  low  water  absorption  and  one  which  dries 
but  quickly  and  regains  its  original  thermal  performance  after 
being  wet^ 

Where  sloping  roofs  are  used,  face  them  to  the  south  for 
greatest  heat  gain  benefit  in  the  wintertime. 

Use  permanently  sealed  windows  to  reduce  infiltration  in 
cl  imat'lc  “zdiies  whehe  this  is  a large  ehergy  user.’ 

Where  codes  or  regulations  require  operable  windows  and  infiltra- 
tion is  undesirable,  use  windows  that’ close  against  a sealing 
gasket.  ’ ' ’ 

Group  Service  rooms  as  a buffer  and  locate  at  the  north  wall  • 
to  reduce  heat  loss  or  the  south  wall  to'  reduce  heat  gain, 
whichever  is  the  greatest  yearly  energy  user. 
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Use  corridors  as  heat  transfer  buffers  and  locate  against 
external  walls. 

Locate  rooms  with  high  process  heat  gain  (computer  rooms) 
against  outside  surfaces  that  have  the  highest  exposure  loss. 

Use  landscaped  open  planning  which  allows  excess  heat  from 
interior  spaces  to  transfer  to  perimeter  spaces  which  have  a 
heat  loss. 

Group  rooms  in  such  a manner  that  the  same  ventilating  air  can 
be  used  more  than  once,  by  operating  in  cascade  through  spaces 
in  decreasing  order  of  priority,  i.e. , office-corridor- toilet. 

In  climate  zones  where  outdoor  air  conditions  are  close  to 
desired  indoor  conditions  fora  major  portion  of  the  year, 
consider  the  following: 

Adjust  building  orientation  and  configuration  to  take 
advantage  of  prevailing  winds. 

Use  operable  windows  to  control  ingress  and  egress  of  air 
through  the  building. 

Adjust  the  configuration  of  the  building  to  allow  natural 
cross  ventilation  through  occupied  spaces. 

Utilize  stack  effect  in  vertical  shafts,  stairwells,  etc., 
to  promote  natural  air  flow  through  the  building. 

Reduce  ceiling  heights  to  reduce  the  exposed  surface  area  and 
the  enclosed  volume. 

Increase  the  density  of  occupants  (less  gross  floor  area  per 
person)  to  reduce  the  overall  size  of  the  building  and  yearly 
energy  consumption  per  capita. 

Spaces  for  similar  functions  located  adjacent  to  each  other  on 
the  same  floor  reduce  the  use  of  elevators. 

Increase  window  size  but  do  not  exceed  the  point  where  yearly 
energy  consumption,  due  to  heat  gains  and  losses,  exceeds  the 
saving  made  by  using  natural  light.' 


Where  steam  is  available,  use  turbine  drive  for  large  items 
of  equipment. 

Use  heat  pumps  in  place  of  electric  resistance  heating. 

Match  motor  sizes  to  equipment  shaft  power  requirements  and 
select  to  operate  at  the  most  efficient  point. 

Maintain  power  factor  as  close  to  unity  as  possible. 

Reduce  length  of  cable  runs. 

Increase  conductor  size  within  limits  indicated  by  life 
cycle  costing. 

Use  high  voltage  distribution  within  the  building. 

Match  characteristics  of  electric  motors  to  the  characteristics 
of  the  driven  machine. 

Design  and  select  machinery  to  start  in  an  unloaded  condition 
to  reduce  starting  torque  requirements.  (For  example,  start 
pumps  against  closed  valves.) 

Use  direct  drive  whenever  possible  to  eliminate  drive  train 
losses. 

Use  high  efficiency  transformers  (these  are  good  candidates  for 
life  cycle  costing). 

Use  liquid-cooled  transformers  and  captive  waste  heat  for 
beneficial  use  in  other  systems. 

In  canteen  kitchens,  use  gas  for  cooking  rather  than  electricity. 

Use  conventional  ovens  rather  than  self-cleaning  type. 

Utilize  a sloping  site  to  accommodate  entrances  on  multi-levels 
to  reduce  elevator  mileage.  ' 

Use  elevators  rather  than  escalators  for  vertical  travel. 

For  high  traffic  densities  through'  one  or  two  floors,  use  stair- 
cases or  ramps  rather  than  escalators. 

Use  solid  state  controls  for  elevators. 
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Reduce  the  number  of  elevators  installed  by  scheduling  their 
use  for  essential  purposes  only  (for  example,  stops  at  every 
other  floor  would  eliminate  single  floor  trips  and  enforce 
use  of  staircases). 

Install  on~si'te  waste  heat  recovery  incinerators  for  disposal 
of  solid  v/astes.  The  waste  heat  can  be  used  for  space  heating, 
ventilation;  water  absorption,  refrigeration  or  other  thermal 
uses. 

Separate  and  salvage  usable  materials  which  have  a commercial 
value.  Re-cycling 'many  materials  consumes  less  raw  source 
energy  than  producing  virgin  materials  and  could  have  economic 
benefits  as  well. 

In  areas  requiring  it,  consider  the  use  of  solid  v/aste  for 
composting. 

Use  outdoor  air  for  sensible  cooling  whenever  conditions  permit 
and  when  re-captured  heat  cannot  be  stored. 

Use  adiabatic  saturation  to  reduce  temperature  of  hot,  dry 
air  to  extend  the  period  of  time  when  "free  cooling"  can  be 
used. 

In  the  summer  when  the  outdoor  air  temperature  at  night  is 
lower  than  indoor  temperature,  use  full  outdoor  air  ventilation 
to  remove  excess  heat  and  pre-cool  structure. 

In  principle,  select  the  air  handling  system  which  operates  at 
the  low^f  possible  air  velocity  and  static  pressure. 

Design  air  handling  systems  to  circulate  sufficient  air  to 
enable  cooling  loads  to  be  met  by  a 60°F  air  supply  temperature 
and  heating  loads  to  be  met  by  a 90° F air  temperature. 

Design  HVAC  systems  so  that  the  maximum  possible  proportion  of 
heat  gain  to  a space  can  be  treated  as  an  equipment  load,  not 
as  a room  load. 

Schedule  air  delivery  so  that  exhaust  from  primary  spaces  (offices) 
can  be  used  to  heat  or  cool  secondary  spaces  (corridors). 

Design  duct  systems  for  low  pressure  loss. 


Use  high  efficiency  fans. 

Use  low  pressure  loss  filters  concomitant  with  contaminant 
removeable. 

Use  one  cominoh  air  coil  for  both  heating  and  cooling. 

Reduce  or  eliminate  air  leakage  from  duct  work. 

Limit  the  use  of  re-heat  to  a maximum  of  10%  gross  floor 
area  and. then  only  consider  its  use  for  areas  that  have  atypical 
fluctuating  internal  loads  such  as  conference  rooms. 

Design  chilled  water  systems  to  operate  vnth  as  high  a supply 
temperature  as  possible  — suggested  goal  — 50°  (this  allows 
higher. suction  temperatures  at  the  chiller  with  increased 
operating  efficiency). 

. ' I » -5 

Use  modular  pumps  to  give  varying  flows  that  can  match  varying 
loads. 

Exhaust  air  from  center  zone  through  the  lighting  fixtures  and 
use  this  warmed  exhaust  air  to  heat  perimeter  zones. 

Design  HVAC  systems  so  that  they  do  not  heat  and  cool  air 
simultaneously. 

Select  high  efficiency  pumps  that  match  load.  Do  not  oversize. 

Design  piping  systems  for  low  pressure  loss  and  select  routes 
and  locate  equipment  to  give  shortest  pipe  runs. 

' 

Adopt  as  large  a temperature  differential  as  possible  for 
chilled  water  systems  and  hot  water  heating  systems. 

Consider  operating  chillers  in  series  to  increase  efficiency. 

Extract  waste  heat  from  boiler  flue  gas  by  extending  surface 
coils  or  heat  pipes. 

Select  boilers  that  operate  at  the  lowest .practicable  supply 
temperature  while  avoiding  condensation  within  the  furnaces. 

Use  unitary  water/air  heat  pumps  that  transport  heat  energy 
from  zone  to  zone  via  a common  hydronic  loop. 

Use  thermal  storage  in  combination  with  unit  heat  pumps  and  a 
hydrohic  loop  so  that  excess  heat  during  the  day  can  be 
captured  and  stored  for  use  at  night. 
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Use  heat  pumps  both  v/ater/air  and  air/air  if  a continuing 
source  of  low-grade  heat  exists  near  the  building,  such  as 
lake,  river,  etc. 

Provide  all  outside  air  dampers  with  accurate  position  indica- 
tors, and  insure  dampers, are  airtight  when  closed. 

Use  spot  heating  and/or  cooling  in  spaces  having  large  volume 
and  low  occupancy'. 

Use  electric  ignition  in  place  of  gas  pilots  for  gas  burners. 

Use  a total  energy  system  if  the  life  cycle  costs  are  favorable, 
turn  off  pitots  in  gas  furnaces. 

Use  chilled  water  storage  systems  to  allow  chillers  to  operate 
at  night  when  condensing  temperatures  are  lowest. 

Locate  cooling  towers  or  evaporative  coolers  so  that  induced 
air  movement  can  be  used  to  provide  dr  supplement  garage  exhaust 
ventilation. 

Use  modular  boilers  for  heating  and  select  units  so  that  each 
modul e' operates  at  optimum  efficiency. 

Use  solar  energy  via  a system  of  collectors  for  heating  in 
winter  and  absorption  cooling  in  summer. 

Minimize  requirements  for  snow  melting  to  those  that  are 
absolutely  necessary  and,  where  possible-,  utilize  waste  heat 
for  this  service.  ’ 

Reduce  hot  water  generating  and  storage -temperature  to  the 
minimum  required  for  hand  washing  (to  120°). 

Avoid  the  use  of  straight' electric  heating  for  hot  water, 
consider  instead  using  a heat  pump. 

For  hot  water  piping  and  storage  tanks,  if  used,  increase  the 
amount  of  insulation  or  select  one  with  better  “R"  value. 

When  storage  tanks  are  used,  locate  them  as  close  to  the  point 
of  usage  as  possible. 

Provide  control  to  automatically  shut  off  recirculating  pumps 
during  weekends,  nights  and  periods  of  the  day  which  are  well- 
-defined, when  hot  water  usage  is  light. 
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To. reduce  the  quantity  of  hot  and  cold  water  used: 

Select  kitchen  equipment  such  as  dishv/ashers  that  have 
minimum  water  requirements. 

Use  a single  system  to  meet  handwashing  needs  in  toilets. 

Use  spray  type  faucets  with  flow  restrictors. 

Use  self-closing  valves  to  control  faucets. 

^Use  well  water,  if  available. 

Use  waterless  or  low  volume  flush  water  closets. 

Where  fresh  water  is  in  short  supply-,,  consider  the  use  of 
solar  stills. 

Select  a water  treatment  system  for  cooling  towers  that 
• allow  high  cycles  of  concentration  (suggested  target  greater 
than  10:7)  and  reduces  blowdown  quantity. 

Schedule  boiler  blowdown  on  air  "as  needed"  basis  rather 
than  a fixed  timetable. 

Re-cycle  waste  water  for  toilet  flushing. 

Use  restricted  flow  shower  head  (2.5  gal /min.  maximum  flow). 

Boost  hot  water  temperature  locally  for  kitchens ^ -etCi , rather 
than  provide -higher  temperatures  for  the  entire  building. 

If  boilers  are  used  as  .primary  heat  source  for  domestic  hot 
water,  install  a boiler  to  match  the  load  rather  than  use  an 
oversized  heating  boiler  all  summer.  (Careful  selection  of 
modular  heating  boiler  sizes  could  achieve,  the  same  end.) 

Use  gravity  circulation  for  domestic  hot  water  rather  than  pumps. 

Arrange  circulating  pipework  to  minimize  length  of  dead  legs 
connecting  to  faucets  (this  saves  water  as  well  as  energy, as 
it  eliminates  the  need  to  draw  off  quantities  of  cold  water 
before  hot  water  can  be  obtained.)  - 
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Meeting  hot  water  heating  needs  from  the  following  sources: 

Waste  heat  from  incinerators. 

Rejected  heat  of  compression  from  refrigeration  units 
(both  air  conditioning  and  kitchen  freezers  and  cold  rooms). 

Hot  condensate  return  from  steam  operated  systems. 

Rejected  heat  from  diesel  or  gas  engines. 

Waste  heat  from  drains  used  in  conjunction  with  heat  piimps. 

Waste  heat  from  transformers. 

Consider  the  use  of  solar  heaters  using  flat  plate  collectors 
with  heat  pump  boosters  for  winter. 

Heat  building  to  no  more  than  60° F when  unoccupied. 

Cool  building  to  no  less  than  78°F  when  occupied. 

Do  not  cool  building  when  it  is  unoccupied. 

Schedule  morning  start  up  in  winter  so  that  the  building  is 
at  63°F  when  occupants  arrive  and  warms  up  to  68°F  over  the 
first  hour. 

Limit  pre-cooling  start-up  in  morning  to  give  building 
temperature  of  5°F  less  than  outdoor  temperature  or  80°F, 
whichever  is  highest. 

Close  outdoor  air  dampers  for  the  first  hour  of  occupancy 
whenever  outdoor  air  has  to  be  either  heated  or  cooled. 

Close  outdoor  air  dampers  for  the  last  hour  of  occupation 
whenever  outdoor  air  has  to  be  either  heated  or  cooled. 

Turn  off  heating  or  cooling  30  minutes  before  the  end  of 
the  occupied  period. 

Close  outdoor  air  dampers  for  10  minutes  in  every  hour  (adjust 
time  period  according  to  experience). 

Allow  humidity  to  vary  naturally  in  the  building  between  20% 

RH  and  65%  RH.  Only  add  or  remove  moisture  when  building 
conditions  exceed  those  limits. 


G.1.3.  EXAMPLES  OF -FEDERAL  AND  STATE  LEGISLATION  PERTAINING  TO  ENERGY 
CONSERVATION  IN  THE  RESIDENTIAL  AND  COMMERCIAL  SECTOR 


.Federal  Bills 

H.R«  3849  Housing  — low  interest  loan  program  insulation  and  heating 
equipment 

To  extablish  in  the  department  of  Housing  and  Urban  Development  a 
direct  low  interest  loan  program  to  assist  home  owners  and  builders  in 
purchasing  and  installing  solar  heating  (or  combined  solar  heating  and 
cooling)  equipment. 

S 349  Energy  Labeling  and  Disclosure  Act 

To  contribute  to  an  alleviation  of  the  energy  crisis  by  providing 
American  consumers  with  information  on  the  energy  characteristics  and 
the  financial  cost  associated  with  the  use  of  major  household  products 
and  automobiles. 

S 1149  To  provide  for  a national  fuels  and  energy  conservation  policy,  to 
estabTish  a national  energy  conservation  program.  Title  VI  — "Energy 
efficient  lighting,  appliance  and  space  heat  systems"  affects  the  residential 
and  commercial  sector. 

H.R.  7014  Energy  Conservation  and  Oil  Policy  Act  of  1975.  Title  V 
Part  B Energy  Labeling  and  Efficiency  Standards  for  Consumer  Products 
Other  than  Automobiles  is  concerned  with  energy  conservation  in  the 
residential  and  commercial  sector. 

S1392  Energy  — Conservation  demonstration  program. 

To  establish  a demonstration’ program  in  energy  conservation  using 
promising  innovative  technology  tp  the  maximum  extent  possible,  through 
retrofitting  existing  buildings  with  energy  conservation  equipment  and 
systems. 

State  Legislation 


Encourages  inves’fcment  in  npn-fpssil  forms  of 
energy  generation  and  in.  energy  conservation 
in  buildings  through  tax  incentives  and  capital 
availability. 


Montana  - H 663  • 
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Naw  Mexico  - H 395 


North  Carolina  - SR  149 


Oregon  - S 283 


Texas  - S 516 


Provides  that  a feasibility  study  of  the  energy 
source  for  heating  and  aiir'  conditioning  must  be 
made  before  any  contract  is  executed  for  the 
construction  or  major  alteration  of  a state 
building. 

Conservation  of  energy  through  the  North  Carolina 
Building  Code. 

To  provide  maximum  energy  conservation  in  design, 
construction  and  repair  of  buildings. 

Relates  to  energy  conservation  in  certain 
buildings. 
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G.2.  REDUCING  CONSUMPTION  AND  INCREASING  EFFICIENCY  OF  BUILDINGS 

This  section  includes  a description  of  the  approach  taken  by  the  effi- 
ciency sub- task  group  and  an  assessment  of  two  conservation  actions. 


G.2.1.  DEFINITION  AND' DESCRIPTION 

Efficiency  is  conceived  as  achieving  a reduction  in  input  without  reduc 
ing  result  (output).  In  terms  of  energy,  improved  efficiency  may  be  simply  a 
furnace  that  maintains  the  desired  temperature  while  using  less  fuel.  On  a 
larger  scale,  a building  may  be  more  efficient  as  the  result  of  one  or  more 
actions,-  the  result  of  which  is  less  use  of  energy  at  no  change  in  the  envir 
onment  of  the  building.  In  the  same  manner,  more  efficient  communities  may 
be  developed. 

The  building  industry  Influences,  by  its  decisions,  nearly  one-third  of 
the  energy  used.'  If  building  process  and  function  decisions  are  made  with 
the  added  concern  for  conservation  of  energy,  considerable  savings  should 
be  possible. 

Energy  use  in  buildings  is  essentially  a factor  of  physical  design, 
construction  practices,  and  occupant  needs  and  practices.  If  we  consider 
that  buildings  provide  controlled  environments  for  people  to  live  in 
latitudes  which  are  too  hot,  too  cold,  too  bright,  or  too  dark,  then  an 
obvious  use  of  energy  in  buildings  is  in  maintaining  a livable  environment. 
Building  design,  including  the  climate  modification  systems,  can  respond 
with  more  efficient  homes,  shops,  and  offices.  In  the  same  vein,  the 
practices  and  standards  of  construction  and  what  are  identified  as  user 
needs  require  close  examination.  We  should  look  at  the  ability,  the 
opportunity,  and  the  responsibility  of  the  planner,  developer,  banker, 
designer,  builder,  and  user  to  bring  about  energy  conservation  in  buildings 
and  communities.  Current  practices  based  on  excessive  standards,  cheap 
materials,  insufficient  supervision,  and  a low  first  cost  syndrome  must 
be  examined  with  the  intention  of  erecting  and  operating  a more  energy 
efficient  building. 

G.2.2.  DISCUSSION  OF  THE  APPROACH  (FIGURE  G.2.2-1) 

The  requirements  for  developing  means  of  conservation  by  increasing 
efficiency  in  the  residential/commercial  sector  include  the  need: 

To  identify  conservation  actions 

To  assess  the  potential  energy  conservation  of  the  actions 

To  identify  any  barriers  to  implementation  of  the  actions 


G-21 


IDENTIFY  MEANS  FOR 
CONSERVATION  BY 
INCREASING  EFFICIENCY 


IDENTIFY  CONSERVATION  ACTIONS 


ASSESS  POTENTIAL  ENERGY 
CONSERVATION  OF  ACTIONS 

[- 

IDENTIFY  BARRIERS  TO 
IMPLEMENTATION 

i 

1 

I 

IDENTIFY  INCENTIVES- FOR 
IMPLEMENTATION 

ASSESS  IMPACTS 


FIGURE  G.2.2-I  SCHEMATIC  OF  "INCREASED  EFFICIENCY" 
SUB-TASK  GROUP  SYSTEMS  APPROACH 


To  identify  Incentives  to  implementation  of  the  actions 

to  assess  the  impacts  of  the  actions 

In  each  of  these  requirements,  it  is  necessary  to  identify; 

Methods  or  mechanisms  of  acquisition  which  give  us  the  material 
to  be  examined. 

Constraints  and  criteria,  the  sieve  which  separates  the  relevant 
material  out  of  that  collected. 

A display  technique  by  which  that  final  relevant  material  can  be 
communicated. 

Each  of  the  requirements  is  discussed  in  detail  below. 


Identify  Conservation  Actions. 

To  identify  conservation  actions  involves  knowing  two 
things. 


How  the  energy  is  used  in  a building. 

What  are  the  determinants  to  its  use. 

Knowing  that  energy  is  used  for  space  heating,  cooling,  water  heating, 
lighting  and  equipment  heating,  suggests  areas  for  investigation.  If  there 
are  other  end  uses,  they  need  to  be  known.  ‘ In  the  same  manner,  knowing  the 
mode  of  use,  the  standards,  the  capabilities  of  materials  and  the  environ- 
mental circumstances  and  analyzing  the  two  knowns  together  suggests  alter- 
natives which  become  potential  actions  if  they  satisfy  the  controls  that  are 
applicable.  Two  basic  controls  exist; 

Technical  feasibility 

Social  acceptability 

Any  idea  must  be  feasible  technologically  as  it  relates  to  conservation  and 
not  violate  the  established  institutional  constraints. 
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Assess  Potential  Of  Conservation  Actions 

Assessment  of  the  potential  energy  conservation  of  the  actions  is 
dependent  on: 

Establishing  the  potential  energy  savings 

Observing  the  resource  requirements 

Observing  the  time  for  implementation 

At  best  these  will  include  some  intelligent  guesses  for  the  most  part. 
Comparisons,  computations  and  example  measurements  indicate  trends  and  poss- 
ibilities. Controls  in  this  instance  are  in  addition  to  the  previous  ones: 

Availability  of  resources  required 

Base  of  reference 

Obviously  any  assessment  must  be  in’  relation  to  a base  (time  or  something  else), 
and  available  supplies  of  money,  manpower  or  materials  must  be  considered. 


Barriers  And  Incentives  To  Implementation 


Barriers  and  Incentives  appear  in  relation  to  each  action  as  the  process 
of  implementation  interfaces  with  social  and  technological  controls.  Some 
actions  may  be  incentives. 


Assessing  Impacts 

A study  of  impacts  requires  knowing: 

Where  and  what  are  impacts? 

What  is  the  effect  of  an  impact? 

Is  the  impact  acceptable? 

The  fact  that  actions  impact  on  people,  resources,  institutions,  and  other 
actions  suggests  a complex  analysis  if  the  interface  is  anything  but  a 
simple  relationship. 


G.2.3.  POTENTIALS  FOR  CONSERVATION 

The  American  Institute  of  Architects  [AIA-74]  have  identified  thirteen 
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categories  under  the  heading  of  physical  design  which  influence  the  energy 
use  of  a building.  While  recognizing  many  of  these  same  determinants,  Richard 
G.  Stein  [AF-73]  points  out  more  explicitly  the  need  to  re-examine  build- 
ing standards  and  codes  and  the  opportunities  for  energy  costing  of  materials 
and  construction  processes.  The  implementation  of  life  cycle  budgeting  by 
the  General  Services  Administration  recognizes  the  total  use  of  energy  and 
encourages  its  wise  use. 

In  the  studies  of  potential  energy  conservation  in  the  residential/ 
commercial  sector,  both  the  National  Petroleum  Council  [NPC-74-1]  and  Pro- 
ject Independence  [PI-74-5]  emphasize  actions  that  are  in  response  to  weak- 
nesses in  existing  buildings.  This  is  a very  obvious  need.  Even  so,  a wide 
saturation  of  the  available  market  is  not  expected.  These  weaknesses  are 
important  areas  of  concentration  because  they  represent  major  quantities  of 
energy  consumption  to  be  reduced  with  moderate  or  no  investment  of  money. 

When  the  reports  apply  the  same  actions  to  new  construction,  the  implica- 
tion is  that  only  a few  areas  are  subject  to  relevant  actions  in  both  in- 
stances. There  is  a considerable  difference  between  retrofitting  a building 
in  which  all  the  determinants  of  energy  use  are  set,  and  designing  a new 
building  in  a manner  both  sensitive  and  responsive  to  the  conditions  which 
will  determine  its  energy  use. 

Both  reports  fall  short  in  identifying  actions  as  they  relate  to  energy 
conservation  in  buildings.  The  limitations  of  "immediate  results"  is  most 
likely  the  cause.  In  the  short  term,  and  as  they  concern  existing  buildings, 
the  actions  are  well  chosen. 

Buildings  are  unique  in  their  location  and  relationship  to  the  environ- 
ment. The  circumstance  of  climate  and  solar  conditions  vary  at  macro  and 
micro  scales.  Failure  to  analyze  this  relationship  can  be  costly.  Buildings 
are  unique  in  the  way  they  are  used.  The  number  of  occupants,  the  kinds  of 
activities,  the  time  of  use,  the  facilities  provided,  the  equipment  installed 
and  the  conditions  of  comfort  are  different  in  one  or  more  combinations  which 
belie  a universal  calculation  or  standard  for  all. 

It  would  be  well  to  consider  a building  as  a system  consisting  of  sub- 
systems and  components,  each  with  specific  functions,  and  yet  an  integral 
part  of  the  system  when  identifying  actions.  The  representative  list  of 
activities  included  in  this  appendix,  drawn  mainly  from  General  Services 
Administration  [GSA-74],  illustrates  the  possible  range  of  opportunities 
for  actions. 

A more  detailed  discussion  of  energy  use  in  buildings  will  examine 
physical  design  as  one  deternninant,  construction  practices  and  standards 
as  another  and  the  users  needs  and  operations  of  buildings  as  a' third  de- 
terminant of  energy  use. 
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6. 2.3-1  PHYSICAL  DESIGN 

Under  physical  design  are  the  elements' discussed  below. 


Site  Analysis 

Relate  buildings  to  the  peculiar  site  conditions  of  topography, 
climate,  shape,  orientations,  soil,  vegetation  and  adjacent  elements  to 
the  extent  that- their  potential  for  energy  conserv.ation  be  recognized  and 
used.  The  length  and  nature  of  seasons,  temperatures,  percipitatlon  amounts 
and  occasions,  the  sun's  intensity,  direction,  the  breadth  of  its  swing  and 
the  duration  of  its  exposure,  the  velocity  and  direction  of  prevailing  winds, 
the  hills  and  valleys,  trees  and  water  are  all  elements  that  may  have  an 
influence  on  energy  consumption  in  buildings. 

Building  Orientation 

With  regard  to  sun  path  and  intensity,  prevailing  wind,  and  orientation 
of  the  building,  its  windows  and  its  doors  will  determine  the  solar  gain 
and  the  infiltration  for  a specific  building  in  a given  time  and  place. 


Configuration 


Thermal  transmission  is  a function  of  surface  area.  Physical  forms 
that  offer  a high  volume  of  usable  space  per  square  foot  of  surface  are 
energy  efficient.  The  effect  of  shapes  of  buildings  singly  and  in  concert 
on  air  flow  is  seen  in  the  infiltration' level  also. 


Envelope 

The  envelope  includes  the  building  skin  and  as  such  has  a capability 
for  thermal  transmission  and  storage.  Indigenous  architecture  of  the  south- 
west or  near  east  responds  to  climate  effectively  with  walls  that  store  and 
transmit  available  heat  usefully.  Building  skin  density  is  the  key  factor. 
Materials  in  various  combinations  determine  the  heat  flow  rate. 

If  materials  used  are  selected  on  the  basis  of  conservation,  they  must 
be  examined  for  energy  use  from  source  of  raw  material  to  in  place  and 
operation. 

Glass  is  the  single  most  ineffective  barrier  to  thermal  transmission 
in  a building.  Glass  is  the  material  of  windows  and  the  means  of  getting 
natural  light  into  buildings.  The  size  and  placement  of  glass  is  critical 
as  is  the  type  used.  There  is  tinted  glass,  coated  glass,  heat  absorbing 
glass  and  multi-paned  glass,  all  of  which  are  useful  in  controlling  heat 
transmission  and  natural  light. 
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Another  item  useful  for  residential  sash  is  the  storm  window. 

Where  windows  occur  exposed  to  sun,  various  exterior  or  interior  shading 
devices  will  control  solar  gain.  Thermal  barriers  will  prevent  much 
unwanted  transmission  of  heat. 

Weather  stripping  of  doors  and  windows  helps  to  eliminate  undesirable 
infiltration  through  the  cracks  of  joints,  and  window  sash  which  bridge 
through  the  wall  should  be  of  material  low  in  conductivity. 

Insulation  is  a principal  means  of  affecting  energy  flow  through  the 
skin  of  buildings.  The  choice  of  materials,  the  location  and  amount,  and 
the  quality  of  application  are  concerns  to  be  studied. 

In  the  light  of  experience,  we  know  that  caulking  of  cracks  in  frames 
and  joints  will  reduce  the  amount  of  infiltration. 


Space  Planning 

Room  size  and  configuration  must  be  determined  by  its  use  to  avoid 
over-sizing  and  over-building.  Size  of  spaces  may  anticipate  a variety  of 
arrangements  by  becoming  one  space.  The  result  is  to  simplify  the  air 
distribution  and  lighting  problem.  Zoning  of  activities  allows  more 
efficient  climate  control  also. 


Space  Heating 

Fuel  consumption  for  heating  is  the  largest  energy  user  in  the  resident- 
ial and  commercial  sector.  The  amount  of  heat  that  must  be  provided  is  a 
function  of  several  factors  including: 

Thermal  transmission  through  the  building  skin. 

Wind  velocity 

Air  infiltration 

Ventilation 

Occupancy 

Lighting  and  machinery 

The  building  and  its  heating  unit  can  be  designed  for  high  efficiency 
if  all  of  these  factors  are  taken  into  account..  The  heating  efficiency 
of  the  building  itself  can  be  increased  by  increasing  the  amount  of  insula- 
tion, reducing  infiltration  by  caulking,  and  by  situating  the.  house  to  take 
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maximum  advantage  of  solar  heat  gain.  -Additional  savings  may  be  realized  by 
increasing  the  efficiency  of  the  heating  unit.  Typical  gas  and  oil  furnaces 
have  efficiencies  {first  law)  of  70%  and  60%  respectively  for  the  transfer 
of  chemical  energy  in  the  fuel  to  heat  energy  in  the  heat  transfer  medium 
{water*  steam  or  air).  The  heat  distribution  system  accounts  for  additional 
losses  with  a large  portion  of  the  heat  added  transferred  sideways  through 
uninsulated  ducts  or  pipes.  Only  a portion  of  the  energy  leaking  out  helps 
to  heat  the  building*  with  the  remainder  delivered  to  unused  areas*  to 
spaces  between  the  wall  studs,  and  ultimately  to  the  outside.  Insulation 
of  the  ducts  is  a conservation  action  which  should  be  investigated.  Regular 
maintenance  performed  on  the  'furnace  will  also  increase  its  efficiency  as  will 
cleaning  of  filters  to  reduce  functional  losses  in  the  distribution  system. 

Electricity  can  also  be  used  as  a heating  source.  There  are  three 
principal  methods  of  using  electricity  for  heating. 

Central  resistive  coil  that  heats  a heat  transfer  fluid 
Resistive  baseboard  or  floor  heating  throughout  the  house 
An  electric  heat  pump 

The  first  of  these  methods  has  the  losses  associated  with  electricity 
generation  as  well  as  duct  distribution  losses,  yet  it  is  frequently  used. 

The  second  method  offers  convenience,  simplified  zone  control  and  low 
initial  cost,  but  still  has  the  losses  associated  with  power  generation. 

The  third  electrical  sources  uses  electrical  energy  more  efficiently  than 
pure  resistive  heating  and  may  use  ground  water  or  be  solar  assisted.  This 
third  method  of  electrical  heating  is  being  recommended  more  and  more  now 
that  heat  pump  reliability  has  been  proven. 

Yet  another  option  must  be  considered  when  thinking  in  terms  of 
increasing  the  efficiency  of  heating  a building.  Space  heating  requires  low 
grade  energy  and  therefore  may  be  accomplished  with  v/aste  heat  if  available. 
Even  if  waste  heat  is  of  too  low  a grade  to  be  used  directly  for  heating,  it 
may  be  used  as  the  low  temperature  source  for  a heat  pump  cycle  and  thereby 
increase  the  performance  of  such  a system  considerably. 


Cooling 

Air  conditioning  accounts  for  less  than  3%  of  the  total  national  energy 
-consumption,  but  is  a much  higher  portion  during  the  summer  months.  It,  is 
the  major  reason  for  the  shift  in  the  peak  electricity  consumption  from 
Winter  to  Summer.  The  amount  of  heat  which  must  be  removed  from  a building, 


the  cooling  load,  depends  on  several  factors  as  does  the  heating  load.  Some 
of  these  factors  are: 

Heat  gain  through  walls  and  roof 

Solar  gain  through  windows 

Air  infiltration 

Outside  and  inside  humidity 

Ventilation' 

Internal  heat  load  due  to: 

Machinery 

Llqhts 

People 

The  cooling  efficiency  of  the  building  itself  can  be  increased  by  designing 
its  fenestration  and  situating  it  such  that  solar  heat  gain  through  the 
windows  is  minimized.  Air  infiltration  and  ventilation  can  also  be  reduced 
to  increase  the  efficiency  of  the  building  --  cooling  system  combination. 

The  design  of  the  cooling  system  can  result  in  more  efficient  operation  by: 

Designing  for  5 percent  outdoor  air  conditions  rather  than 
2.5  percent. 

Using  an  economizer  cycle  which  senses  the  outside  air  enthalpy 
and  inducts  fresh  air  when  it  is  advantageous  to  do  so. 

Using  higher  efficiency  equipment. 

Using  the  rejected  energy  for  reheat  or  space  heating  of  some 
other  part  of  the  building. 

One  area  where  new  technology  might  make  a contribution  to  increased 
efficiency  is  in  the  design  of  the  heat  exchangers  for  lower  temperature 
gradients  at  the  condenser  and  evaporator.  Cooling  storage  systems  can 
result  .in  higher  efficiency  and  energy  savings  by  allowing  a, unit  that  is 
smaller  than  that  necessary  to  provide  peak  load  cooling  to  provide  off  peak 
cooling  around  the  clock.  Peak  cooling  is  provided  by  the  storage  unit 
which  has  been  "charged"  during  off  peak  hours. 
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Lighting  ' 

Lighting  consumes  20  percent  of  U.S.  electric  energy;  thus,  lighting 
uses  5 percent  of  all  U.S.  energy.  Two-thirds  of  the  lighting  energy  is 
used  by  incandescent  lamps  and  one-third  by  fluorescent  and  vapor  lamps. 
Fluorescent  and  vapor  lights  produce  approximately  four  times  as  much  use- 
ful light  per  unit  energy  input  as  incandescent  lamps  and  supply  about  two- 
thirds  of  the  useful  light.  This  suggests  that  a large  lighting  energy 
savings  could  be  realized  by  increasing  the  efficiency  of  our  lighting  systems  - 
switching  from  incandescent  to  fluorescent  lamps.  The  largest  commercial 
savings  of  lighting  energy  would  be  to  use  the  available  light  more  efficiently 
by  supplying  bright  light  only  where  it  is  needed  rather  than  uniformly  illumi- 
nating an  entire  floor.  As  the  position,  angle  and  distance  of  a light  source 
in  relation  to  a task  area  also  affects  lighting  efficiency,  these  factors 
should  be  considered  when  designing  or' redesigning  a system.  The  overall 
lighting  efficiency  of  the  building  should  also  be  considered,  i.e.  balancing 
the  use  of  natural  light  against  increased  heat  transmission  or  infiltration 
losses  and  designing  spaces  in  a building  such  that  similar  task  areas  are 
grouped  or  stacked  to  maximize  the  efficiency  of  the  lighting  and  wiring 
system. 


Venti 1 atl on 

Ventilation  is  the  controlled  induction  of  fresh  air  into  a building 
for  the  purpose  of  providing  healthful  air  quality  - replacement  of  stale 
air,  dilution  of  odors  and  impurities.  It  has  a direct  effect  on  energy 
consumption  because  the  air  inducted  has  to  be  cleaned,  humidified  or 
dehumidified,  heated  or  cooled,  and  moved,  all  of  which  require  expenditure 
of  energy.  Ventilation  can  be  accomplished  naturally,  mechanically  or  through 
a combination  of  the  two.  Natural  ventilation  requires  the  expenditure  of 
no  energy  to  accomplish  it,  but  may  lead  to  increased  heating  or  cooling 
loads.  It  requires  operable  windows,  but  is  most  energy  efficient 
where  it  is  applicable.  In  areas  where  air  temperatures  and  changes  in  air 
quality  are  not  extreme,  natural  ventilation  can  be  used  to  advantage  and 
the  building  should  be  situated  and  designed  to  maximize  its  utility. 

Mechanical  ventilation  is  required  where  natural  ventilation  is 
insufficient  or  undesireable.  In  commercial  buildings  ventilation  is 
designed. according  to  empirical  rules  which  were  established  many  years  ago 
when  energy  was  cheap.  Recent  studies  indicate -that  in  many  cases  the 
ventilation  specified  far  exceeds  that  actually  required.  The  efficiency 
of  a given  ventilation  system  could  be  increased  by: 

Determining  air  quality,  including  moisture  content  and  level  of 
impurities  and  adjusting  the  fresh  air  induction  accordingly. 

Avoiding  over-sizing  the  system  by  considering  the  infiltration 
rate  in  the  analysis  preceeding  installation. 


Grouping  or  stacking  areas  in  need  of  high  level  ventilation 
away  from  those  that  don't. 

Using  filters  to  rehabilitate  air  quality. 

Establishing  ventilation  zones  within  a building  to  avoid 
ventilating  areas  with  low  occupancy. 

Restricting  smoking  to  designated  high  ventilation  areas  away 
from  the  heavily  populated  areas. 


Movement  Systems 

Elevators,  escalators,  and  walking  are  the  principal-  means  of  movement 
in  building,  the  arrangements  and  elimination  will  make  a difference  in 
energy  use. 


Electric  Power 


Building  transformers  and  distribution  systems  are  subjects  of  Inves- 
tigations as  are  load  shedding  devices,  power  storing  systems,  and  motor 
power  factors.  On-site  electrical  generation  for  a building  which  reuses 
its  own  waste  heat  can  sometimes  save  energy.  The  feasibility  of  such  a 
system  which  is  also  generating  heating  and  cooling  and  hot  water  for  the 
building  depends  on  a continuous,  simultaneous  and  balanced  demand  of 
heating/cooling' and  electrical  energy. 

A further  development  of  the  total  energy  concept  is  an  integrated 
utility  system  in  which  all  the  utilities  are  combined  into  a single  function. 
The  system  provides^ besides  electric  power  and  heatihg/cooling,  water  and 
waste  collection  in  the  operation,  thereby  achieving  a more  complete- 
utilization  of  energy  and  materials  than  in  the  separate  functions.  The 
same  limitations  of  continuous,  simultaneous  and  balanced  demands  are 
essential  to  success. 


Domestic  Hot  Water 


In  residences  and  hospitals,  hot  water  is  a significant  energy  user. 
Pumping  and  processing  water  are  the  means  of  energy  use;  therefore, 
reducing  use  and  lowering  temperatures  of  water  will  reduce  energy. 


Waste  Management 

Liquid  Waste  - energy  savings  can  accrue  from  such,  processes  as  using 
waste  heat  from  nearoy  power  plants  for  liquid  waste  treatment.'  The 
sludge  from  liquid  waste  treatment  can  be  dried  and  used  as  fuel  to  generate 
electricity.  Treated  effluent  can  be  used  to  provide  cooling  water  for 
power  plants,  and  recovered  heat  from  refuse  incinerators  can  be  used  for 
central  heating  and  cooling  systems,  or  for  generating  electricity.  The 
recovered  heat  from  hot  water  drains  in  apartments  and  hospitals  can  be 
used  to  preheat  domestic  hot  water  systems.  . . . 

Using  tank-type  water  closets  or  vacuum-fl us h systems,  instead- of  flush- 
valve  .models,  can  reduce  the  flow  of  water  and,  therefore,  the  .energy  required 
to  pump  it.  The  standard  five-gallon  flush  should  also  be  re-examined. 
"Sovent"  plumbing  systems,  or  other  similar  innovations,  e-limlnate  separate 
aeration  pipes  for  toilets.  All  such  options  should  be  studied  as  they 
apply  or  dp  not  apply  to  a specific  building  project. 

Solid  Waste  --  reclamation  of  solid  v^aste,  depending  on  volume  and  kind, 
became  a viable  conservation  measure  when  organized  for  one  building  or  a 
group  of  buildings. 

The  amounts  of  solid  waste  generated  within  a building  vary  greatly, 
■depending  on  the  building, 's  use  and  number  of  occupants.  Common  estimates 
are  that  an  office  building  generates  one  or  two  pounds  of  solid  waste 
per  person  per  day;  a residence  generates  five  or  six  pounds  per  .person 
per  day;  a hospital,  up  to  20  pounds.  Half  of  solid  waste,  on  the  average, 
is  paper  and  cardboard.  This,  along  with  plastics,  wood,  -ferrous  metal, 
aluminum,  glass,  tar,  naphtha,  textiles,  oil,  ash,  and  foodstuffs,  may  be 
recycled. 

Treatment,  or  waste  disposal,  includes  several  options.  Pyrolysis  units 
can  produce  gaseous  fuel  from  waste  matter  by  heating  it  to  high  tempera- 
tures in  the  absence  of  oxygen.  The  waste  may  be  incinerated  at  the  building 
or  elsewhere,  and  the  recovered  heat  used  for  hot  water  or  HVAC  systems, 
or  as  steam  to  generate  electricity,  (incinerators  with  heat  recovery 
systems  that  meet  government  standards  for  emission  are  available.)  The 
wastes  themselves  may  be  recycled,  or  they  may  be  compacted  to  minimize 
their  volume  for  transportation,  storage,  or  landfill.  Shredding  devices 
can  aid  recycling  processes  or  prepare  the  organic  wastes  for  disposal 
through  the  liquid  waste  or  sewage  treatment  facilities.  The  organic 
wastes  may  be  used  to  produce  methane  gas  or  processed  before  entering  the 
liquid  waste  system. 
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G.2.3.2  CONSTRUCTION  PRACTICES 

Much  construction  is  governed  by  established  conventions,  codes,  and 
labor  and  management  practices-  Existing  codes  often  discourage  innovative 
systems  and  new  materials  which  may  be  energy  conserving.  Excessive  forms 
for  concrete  and  poor  project  planning  are  additional  discouragements. 

On  the  other  hand,  a fresh  look  at  materials  handling  techniques,  standards 
of  construction,  and  labor  and  materials  codes  can  encourage  conservation. 
Too,  a judicious  use  of  factory-built  components  can  go  far  to  eliminate 
waste  and  control  quality,  thereby  making  construction  more  energy  efficient. 
Further  savings  may  come  from  specification  by  performance,  which  encourages 
coordinated  systems  development. 


G.2.3.3  OCCUPANT  NEEDS  AND  PRACTICES 

Needs  are  those  requirements  essential  to  a physically  and  mentally 

healthful  life.  Practices  relate  to  the  manner  of  use.  Cultural  differences 
which  encourage  different  uses  are  an  instance  of  the  latter,  while  food, 
shelter  and  warmth  are  instances  of  need.  Comfort  standards  and  design 
temperatures  are  subject  to  arbitrary  choice.  Lighting  requirements  are 
set  with  inadequate  physiological  study,  and  adaptability  of  spaces  and 
facilities  is  disregarded.  Switching  of  lights  is  a case  in  point. 
Arrangements  of  switches  to  encourage  a variety  of  lighting  possibilities 
as  determined  by  users  will  save  energy.  Users  response  to  operable  win- 
dows, and  fireplace  dampers  directly  affect  energy  use.  User's  selection 
and  operation  of  appliances  can  be  guided  by  knowledge  of  energy  cost  and 
maintenance  procedures. 

Perhaps  the  most  generous  use  of  energy  in  this  category  can  be  con- 
trolled through  maintenance  operations.  From  changing  filters  in  the 
individual'  residence  to  reducing  the  night  time  lighting  load  in  multi- 
story office  buildings,  there  are  a multitude  of  opportunities.  One  of 
the  first  requirements  is  to  establish  a schedule  for  maintenance.  Another 
is  to  examine  each  operation  for  its  conservation  potential.  Though  many 
actions  will  appear  to  be  in  the  nature  of  curtailing  demand  rather  than 
Increasing  efficiency,  the  result  is  a more  efficient  building. 


G.2.3.4  ASSESSMENTS 

There'  are  many  variables  which  influence  the  effect  of  specific  actions 
and  their  choice.  Such  actions  are  not  always  as  appropriate  for  residential 
construction  as  for  commercial  construction,  and  vice-versa  because  of  diff- 
erent functions-.  Likewise,  the  response  to  specific  actions  by  existing 
buildings  and  new  construction  is  different.  Then  too,  the  quality  of  con- 
struction is  not  always  consisten-t  with  designed  capability.  Nevertheless, 
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analysis  of  each  building  will  identify  opportunities  for  conservation  to  be 
pursued.  Other  requirements  for  all  but  a very  few  actions  are  money,  man- 
power and  materials.  The  principal  barriers  to  achievement  are  the  cost  and 
the  lack  of  understanding.  Implementation  requires  education  of  consumers, 
builders,  designers,  developers,  bankers  and  investors.  It  also  needs  fin- 
ancial incentives  for  many  activities'.  Specific  actions  under  the  general 
actions  of  reducing  consumption  and  increasing  efficiency  pf  buildings  and 
systems  for  heating,,  ventilating  and  air  conditioning  fall  ‘into  three  groups; 

Those  that  are  operational  in  nature. 

Those  relating  to  physical  improvement  of  buildings. 

Those  that  require  major  changes  in  HVAC. 

The  specific  actions  of  the  operations  group  impact  on  the  consumer  who 
must  adjust  to  environmental  changes.  In  addition,  they  impact  at  the  market 
where  money  not  used  for  energy  is  spent  in  other  ways.  Even  though  the  con- 
sumer may  be  attracted  by  the  savings  that  are  due  him,  agencies  can  effect 
a greater  participation,  through  government  educational  programs,  research,  and 
measures  which  assure  the  energy  saving  is  reflected  in  energy  cost. 

The  physical . improvement  of  buildings  impinges  on  the  ability  of 
the  manufacturer  and  supplier  to  meet  a demand’ possibly  five  to  six  times 
larger  than  at  present,  and  on,  the  consequent  need  for  money  by  consumers 
and  manufacturers.  There  may  be  additional  demands  for  labor.  There  may 
be  demands  for  energy.  (Glass  is  energy  intensive.)  Normal  payback  would 
be  ten  years  for  insulating,  glazing  and  caulking  an  average  1500  square 
foot  house.  This  assumes  the  quality  of  installation  is  equal  to  design, 
expectations  which  is  not  always  the  case.  There  are  indications  that 
double  glazing,  is  not  as  effective  as  projected'  to  be  in  reducing  thermal 
transmission,  according  to  J.M.  Fox  [PUv73].  These  specifications  are 
more  apt  to  be  effected  in  new  construction  than  in  existing  buildings, 
though  some  existing  residential  structures  are  adaptable  and  need  them. 
Building  standards  and  codes  are  the  most  effective  way  of  implementation, 
and  governmental  .action  may  be  required. 

The  third  group  of  specific,. actions  is  concerned  with  major  changes 
in  systems  of  heating,  ventilating  and  air  conditioning, ' and  as  such,  are 
the  least  acceptable  activities.  Positive  financial-  incentive  is  necessary. 
Again,  new  construction  will  more  readily  accept  most  changes  of  this  kind 
than  existing  buildings  will.  Manufacturers  do  not  indicate  any  crisis  in 
meeting-  the  demand,  but  consumers  will  need  funds  over  and  above  that, 
normally  required-. 
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G.2.4  HEAT  PUMP  ANALYSIS 

It  was  felt  that  the  heat  pump  would  be  a good  example  to  investigate 
in  depth,  because  space  heating  represents  the  largest  percentage  of 
energy  consumption  in  the  residential  sector  (71.4%  of  usage  in  residential 
sector,  11%  of  total  energy  consumption  in  the  United  States)  and  is,  there- 
fore, the  largest  target  for  energy  savings.  In  addition,  projections 
indicate  a tendency  toward  total  electric  living  units,  i.e.,  homes  with 
electric  space  heat  and  air  conditioning. 

In  order  to  quantify  the  example  it  was  necessary  to  make  several 
assumptions.  These  assumptions  are  based  on  information  available  in 
published  reports,  personal  communication  with  people  in  the  space  con- 
ditioning field  and  in  some  cases  "educated  speculation". 

The  assumptions  underlying  the  analysis  are  as  follows: 

The  potential  for  energy-  savings  by  the  installation  of 
heat  pumps  is  based  on  projections  that  the  percentage  of 
electrically  heated  homes  will  increase  from  10%  in  1975 
to  24%  in  1985.  It  was  assumed  that  of  these  new  homes 
40%  would  install  heat  pumps  under  present  market  conditions. 
This  would  result  in  a potential  for  installing  heat  pumps, 
rather  than  resistance  heating,  in  60%  of  the  new  electrically 
heated  home  construction. 

Heat  pumps  will  be  installed  in  single  family  rather  than  in 
multifamily  dwellings  because  of  the  difficulty  in  inducing 
builders  or  owners  of  multifamily  dwellings  to  use  life  cycle 
costing,  as  they  usually  do  not  pay  the  building  operating 
costs,  but  pass  them  on  to  the  residents. 

The  inventories  of  electrically  heated  homes  in  1975  and  1985 
were  taken  from  Table  6. 2. 4-1.  [PI-74-5]  The  1975  inventory 

was  taken  to  be  half  way  between  the  values  given  for  1970  and 
1980. 

An  average  value  of  49.2  x 10®  BTU/year  was  used  as  the 
point  of  use  energy  consumption  for  electric  heat  throughout 
the  country.  This  is  a weighted  average  based  on  unit  demand 
for  electric  heat  in  the  Northeast,  North  Central,  South  and 
West  as  shown  in  Table  G, 2.4-2.  The  weighting  factor  was 
the  percentage  of  homes  in  each  region  that  are  projected 
to  have  central  air  conditioning  in  1985  (see  Table  G. 2.4-3). 
Values  for  1985  were  obtained  by  linear  interpolation  between 
1970-  and  1990  values. 


TABLE  G. 2. 4-1.  RES IDENTTAL  INVENTORY  lPr-74-5l 

(thousand  year-round  units) 


New 


1970 

Construction 

Removals 

1980 

Inventory 

1970-80 

1970-80  Inventory 

Northeast 

16,198 

5,354 

2,357 

19.195 

Mobile  Home 

241 

710 

201 

750 

Single-Family 

7,778 

2,186 

391 

9,573 

Low-Density 

4,552 

1,163 

1,164 

4,551 

Low-Rise 

1,392 

760 

133 

2,019 

High-Rise 

2,235 

535 

463 

2,302 

North  Central 

18,675 

6,889 

3,436 

22,128 

Mobile  Home 

499 

1,439 

322 

1,616 

Single-Family 

13,261 

3,440 

1,696 

1 5,005 

Low-Density 

2,773 

1,176 

739 

3,210 

Low-Rise 

1,686 

507 

550 

1,643 

High-Rise 

456 

327 

129 

654 

South 

20,884 

9,979 

4,259 

26,604 

Mobile  Home 

869 

2,146 

460 

2,555 

Sin-gle-Fsmily 

15,683 

5,312 

2,530 

18,465 

Low-Desisity 

2,293 

1,514 

641 

3,166 

Low  Rist 

1,698 

698 

511 

1,885 

High-Ri^ 

341 

309 

117 

533 

West 

11,942 

5,352 

3,132 

14,162 

Mobile  Home 

464 

730 

312 

882 

Single-Family 

8,079 

2,366 

1,725 

8,720 

Low-Dmity 

1,379 

1,136 

371 

2.144 

Loiv  R»Kf 

1,757 

807 

624 

1,940 

High-Rise 

263 

313 

100 

476 

U.S.  Total 

67,699 

27;S74 

13,184 

82,089 

Mobile  Home 

2,073 

5,025 

1,295 

5,803 

Single-Family 

44,801 

13,304 

6,342 

51,763 

Low-Dersity 

10,997 

4,989 

2,915 

13,071 

Low- Rise 

6,533 

2,772 

1,818 

7,487 

High-Rist 

3,295 

1,484 

814 

3,965 

Mew 

New 

Construction 

Removals 

1985 

Construction 

Removals 

1990 

1930-85 

1980-85 

Inventory 

1985-90 

1985-90 

Inventory 

2,770 

1,288 

20,677 

2,540 

1,371 

21,846 

320 

150 

920 

267 

165 

1,022 

1,137 

227 

10,483 

1,176 

249 

11,410 

636 

594 

4,593 

529 

605 

4,517 

386 

110 

2,305 

327 

138 

2,494 

281 

207 

2,376 

241 

214 

2,403 

2.978 

1,631 

23,415 

2,944 

1,754 

24.605 

559 

291 

1,384 

521 

350 

2,055 

1.500 

750 

15,755 

1,570 

788 

16,537 

534 

369 

3,376 

502 

360 

3,518 

238 

19/ 

1,684 

243 

163 

1,764 

147 

So 

716 

108 

93 

731 

4,817 

2,070 

29,351 

4,800 

2,040 

32,111 

893 

460 

2,988 

841 

538 

3,291 

2.586 

1,1U7 

19,944 

2,734 

997 

21.681 

756 

310 

3,582 

745 

337 

3.990 

413 

110 

2,188 

332 

109 

2,411 

169 

53 

649 

148 

59 

738 

2.656 

1 ,459 

15,359 

2,269 

1,284 

16,344 

329 

176 

1,035 

236 

186 

1,085 

1,165 

697 

9,188 

1,096 

551 

9,733 

592 

228 

2,508 

469 

237 

2,740 

411 

291 

2,060 

336 

241 

2,155 

159 

67 

568 

132 

69 

631 

13,221 

6,508 

88,802 

12,553 

6,449 

94,906 

2,101 

1,077 

6,827 

1,865 

1,239 

7,453 

6,388 

2,781 

55,370 

6,576 

2.585 

59,361 

2,518 

1,530 

14,059 

2,245 

1,539 

14,765 

1,458 

708 

8,237 

1,238 

651 

8,824 

756 

412 

4,309 

629 

435 

4,503 

ScHjfces:  Uniited  States  Department  of  Commerce,  7970  Census  of  Homenig  and  Arthur  D.  Little,  Inc. 
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TABLE  G.2.4-2.  SINGLE-FAMILY,  DETACHED,  UNIT  DEMAND 
- 1970  (MM  BTU/UNIT/YEAR) 


Fuel 


Stories 

Electricity 

Gas 

Oil 

Space  Heating: 

Northeast 

1 

66-2 

184.5 

215.2 

2 

66.3 

174.5 

203.5 

North  Central 

1 

75.4 

205.5 

239.8 

2 

74.9 

196.3 

229.2 

South 

1 

37.2 

84.7 

2 

35.2 

81.2 

West 

1 

48.5 

113.1 

2 

48.4 

109.4 

TABLE  G.2.4-3.  AIR  CONDITIONING  PENETRATIONS  (Percent 

of  Total)  [PI-74-5] 


1970 

1990 

Region 

Room  . 

Central 

Total 

Room 

Central 

Total 

Northeast 

27 

4 

31 

53 

28 

81 

North  Central 

25 

9 

34 

47 

38 

85 

South 

34 

18 

52 

25 

75 

100 

West 

14 

10 

24 

36 

54 

90 
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The  coefficient  of  performance,  defined  as: 

COP  = heat  delivered  to  the  conditioned  space 
energy  input  required 

was  taken  to  be  2.25  on  the  average  over  the  ten  year  period. 
This  is  based  on  projections  that  a high  percentage  of  the 
units  will  be  installed  in  the  south  where  values  are  in 
many  cases  greater  than  2,5,  plus  the  projections  tfiat  heat 
pump  COP  will  increase  on  the  average  from  50%  to  100%  over 
the  next  10  years. 

Air  conditioning  energy  demand  is  equal  for  the  heat  pump 
and  electflcally  driven  air  conditioning  unit  installed  in 
all  homes. 


Analysis 

10%  of  single  family  inventory  in  1975  = 4,830  x 10^  units 

24%  of  single  family  inventory  in  1985  = 13,300  x 10^  units 

Electrically  heated  homes  to  be  built  _ 

in  period  1975-1985  8,470  x IQ-^  units 


Number  of  dwellings  with  potential  for  installation  of  heat 
pumps  (assumption  1}  = (.60)  (8470  x 10^)  = 5.1  x 10°  units 

r 

If  these  5.1  x 10  homes  were  heated  with  electric  resistance 
furnaces,  the  point  of  use  energy  requirement  would  be  (5.1  x 10°)  x 
(49.2  X 10°  BTU/yr)  = 2.5  x lO'^  BTU/yr.  Assuming  the  conversion  and 
distribution  loss  will  average  67%,  this  is  equivalent  to  7.5  x 10'^^  BTU/yr 
primary  energy  consumption.  If  these  5.1  x 10°  homes  were  instead  heated 
with  heat  pumps,  the  energy  required  (assumption  5)  would  be: 

primary  energy  input  to  heat  pumps  = 7.5  x 10^^  BTU/yr 

2.25 

= 3.3  X lO'*^  BTU/yr 

This  represents  a potential  savings  of  (7. 5-3. 3)  x 10^^  = 

4.2  X 10*^  BTU/yr  or  .42  quads  of  primary  energy. 
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The  question  of  how  much  of  this  potential  savings  will  be  realized 
depends  on  large  scale  consumer  acceptance  of  the  heat  pump  as  an 
alternative  to  gas,  oil  or  resistance  heat.  This  in  turn  depends  on 
the  incentives  that  the  home  buyer  has  to  choose  one  system  over  another. 
The  greatest  inducement  will  probably  be  financial,  especially  in  light 
of  the  present  and  projected  fossil  fuel  rates.  Several  studies  have 
been  done  which  indicate  that  heat  pumps  offer  lower  operating  costs 
than  oil  heat  in  most  regions  of  the  country  and  are  quite  close  to 
those  for  gas  heat  in  many  regions.  A total  cost  comparison  made  in 
1972  by  WeHinghouse  Electric  using  1972  projections  for  fuel  prices 
through  19S5  indicated  that  heat  pumps  may  have  the  lowest  overall 
annual  operating  costs  by  around  1979-1980.  In  view  of  the  fact  that 
these  predictions  were  made  before  the  fall  of  1973  jump  in  fuel  prices, 
the  breakeven  point  may  be  much  earlier.  Calculations  using  1972 
fuel  cost  rates  indicated  that  heating  costs  for  a heat  pump  were 
$44  a year  more  in  Milwaukee  as  compared  to  a gas  furnace.  In  Chicago, 
the  costs  were  comparable,  and  in  the  southern  cities  of  Atlanta  and  ’ 
Daytona  nearly  $40  per  year  was  saved  by  using  a heat  pump.  From  this 
it  v/ould  seem  that  heat  pumps  have  been  cost  effective  only  in  the 
warmer  climates  of  the  country,  but  in  the  future,  fuel  costs  are 
expected  to  increase  more  rapidly  than  electric  rates  so  that  heat 
pumps  should  come  to  be  cost  effective  over  wider  regions  of  the 
country.  Table  G.2.4-4  summarizes  a study  done  by  General  Electric 
based  on  heating  requirements  and  fuel  costs  in  twelve  selected  cities. 

It  indicates  that  heatings  costs  for  a heat  pump  were  lower  than  those 
for  an  oil  furnace  in  all  of  the  cities  and  lower  than  with  a gas 
furnace  in  seven  cities.  If  natural  gas  prices  are  deregulated,  it 
should  have  a profound  effect  on  these  figures.  Another  point  is  that 
it  is  becoming  increasingly  difficult  to  get  natural  qas  in  some  parts 
of  the  country,  for  example  in  the  northeast. 

'i 

The  coefficient  of  performance  of  heat  pumps  is  not  yet  high 
enough  to  result  in  a net  primary  energy  savings  over  gas  and  oil 
furnaces  in  all  parts  of  the  country,  but  because  they  are  operated 
with  electricity,  they  result  in  a switch  to  energy  source  fuels  which 
can  be  used  in  a-  central  power  station.  Projections  indicate  that 
greater  percentages  of  electric  power  will  be  generated  using  coal 
and  nuclear  which  could  result  in  a large  savings  of  oil  and  natural 
gas.  Continued  research  and  development  will  be  necessary  to  increase 
the  performance  of  heat  pumps  to  the  point  where  they  result  in  a 
net  savings  in  primary  energy.  Heat  pumps  also  offer  the  possibility 
of  using  sources  of  low  grade  energy  such  as  waste  heat  or  solar  energy 
to  heat  homes  with  greater  efficiency  than  can  now  be  realized  with 
conventional  heating  systems. 


TABLE  G. 2.4-4.  APPROXIMATE  HOME  HEATING  COSTS  AS  OF  1974 

FALL  [GE-74-1] 


City 

Gas^^^ 

Atlanta,  Ga. 

73.50 

186.50 

Boston,  Mass, 

341. 57 

420.00 

Chicago,  111. 

245.  20 

495. 00 

Dallas,  Texas 

42.20 

142.00 

Kansas;  City,  Mo. 

90.  69 

352,00 

Knoxville,  Temx. 

- 104.  02 

256.00 

Minneapolis,  Minn. 

- 

261,  02 

587.00 

Philadelphia,  Pa, 

220. 20 

360.00 

Phoenix,  Ariz, 

29.29 

71.50 

San  Diego,  Calif. 

16.86. 

37.70 

Seattle,  Wash* 

190.51 

267.00 

Washington,  D.  C. 

163.  27 

305.00 

Seasonal  Conversion  Efficiency 

(a> 

Gas 

50% 

(t) 

Oil 

45%  oil  at  36^5/ gallon 

1 1 

Dower  cost  than  gas 

Heat  Pump 


LA3wer  cost  than  oil 
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Energy  savings  in  addition  to  that  projected  in  this  example  could 
be  realized  if  a greater  percentage  of  the  new  construction  included 
the  installation  of  electric  heat  pumps  and  if  the  COP  of  new  units 
could  be  increased  to  a level  where  there  were  primary  energy  savings 
in  all  areas  of  the  country.  Installation  of  heat  pumps  in  homes  as 
replacements  for  oil  furnaces  could  also  lead  to  energy  savings.  If 
10%  of  the  homes  presently  heated  with  oil  and  gas  were  converted  to 
heat  pumps,  240,000  barrels  of  oil  per  day  could  be  saved.  [COPPS-75] 

If  the  20  million  homes  presently  heated  with  oil  were  converted  to  the 
heat  pump,  2.7  million  barrels  per  day  would  be  saved  or  1 billion 
barrels  per  year  tGE-74]. 

Technology 

The  advantages  of  using  heat  pumps  for  space  conditioning  have 
been  known  to  engineers  1n  the  HVAC  industry  for  some  time,  but  technical 
problems  have  impeded' their  development  and  market  acceptance  until  quite 
recently.'  The  earlier  models  were  in  many  cases  merely  standard  air 
conditioning  units  which  were  reversed  for  heating  purposes.  Consequently, 
these  units  used  standard  air  conditioner  compressors  that  had  not  been 
designed  for  year  round  duty,  and  the  reliability  was  poor;  -hence, 
dissatisfied  owners,  which  resulted  in  poor  market  penetration.  In  the 
last  few  years,  heat  pump  manufacturers  have  been  able  to  overcome  the 
technical  problems  mainly  through  redesign  of  the  compressor  so  that 
the  reliability  is  good  enough  that  most  manufacturers  and  some  utilities 
offer  up  to  10  years  assured  service  contracts  at  nominal  cost  to  the 
owner.  .Research  and  development  has  continually  aimed  at  increasing 
the  coefficient  of  performance  of  heat’  pumps  and  manufacturers  project 
a 50  to  100%  increase  in  this  measure  of  performance  in  the  next  10 
years.  This  would  make  a heat  pump  system  considerably  more  energy 
efficient  than  fossil  fuel  burning  furnaces.  The  increased  reliability 
and  efficiency  has  resulted  in  greatly  increased  consumer  acceptance 
of  heat  pumps,  and  manufacturers  project  very  high  new  home  market 
penetration  by  1985. 


Impacts 

This  action  could  lead  to  financial  savings  for  the  homeowner 
who  installs  a heat  pump  system  as  well  as  primary  energy  savings 
(at  the  power  plant).  The  ease  of  implementing  such  an  action  would 
be  closely  linked  with  the  financial  benefits  to  be  realized  as  well 
as  the  time  period  for  this  realization,  i.e.,  the  payback  period. 


A heat  pump  system  costs  from  $300  to  $500  more  than  .-a  conventional 
furnace-air  conditioner  system  {including  installation)  but  in  many 
cases  would  involve  lower  operating  costs,  depending  on  the  local  weather 
conditions  and  prevailing  electricity  and  fuel  costs.  ,The  energy  savings 
to  be  realized  v/ould  also  depend,  on -the  geographic  distribution  of  homes, 
as  the  efficiency  is  a function  of  the  temperature  difference  between 
the  outside  and  the  conditioned  space.  Widespread  acceptance  of  heat 
pumps  will  then  depend  to  a large  extent  on  consumer  education  to  the 
concept  of  life  cycle  costing  so  that  he  is  aware  of  the  possible  financial 
benefits.  Government  may  become  involved  through  consumer  education, 
financial  incentives  and  research  and  development  of  more  efficient  and 
reliable  systems. 

Projections  of  heat  pump  manufacturers  have  predicted  that  they 
will  have  the  capital,  manpower  and  materials  necessary  for  the  increased 
demand  foreseen  for  heat  pumps.  There  will  be  an  increased  demand  for 
trained  personnel  to  install  and  service  heat  pumps,  but  the  major 
utilities  and  manufacturers  are  already  setting  up  training  programs. 

The  demand  for  heat  pumps  should  be  monitored  quite  closely  so  that 
if  demand  has  a tendency  to' increase  to  a level  greater  than  can  be 
supplied  (because  o-f  widespread  consumer  education  or  government  incentives 
or  mandates  which  encourage  heat  pump  installation)  the  manufacturers 
will  have  sufficient  lead  time  to  increase  production. 

Heat  pumps  do  increase  the  first  cost  of  a house  slightly,  so 
widespread  installation  by  builders  may  lead  to  a depression  of  the  . 
new  housing  market  if  consumers  are  not  educated  with  regard  to  the 
advantages  and  disadvantages  of  this  type  of  space  conditioning  system. 
Another  economic  impact  will  be  to  increase  demand  for  electricity  so 
that  the  utilities  will  have  to  include  this  increased  demand  in  their 
projections.  Although  if  heat  pumps  are  install ated  in  lieu  of  electric 
resistance  heat,  the  demand  will  decrease.  The  increased  electricity 
demand  during  the  winter  may  help  to  alleviate  the  summer  peaking 
problem  and  result  in  lower  utility  prices  or  smaller  increases  for 
consumers.  The  effect  of  the  move  to  electric  heat  on  employment 
should  be  examined  carefully.  It  may  be  that  heating  and  air  conditioning 
distributors  cannot  easily  switch  to  heat  pump  installation  or  that 
local  fuel  distributors  will  be  adversely  affected. 

Environmentally,  the  adoption  of  electric  heating  systems  has 
the  effect  of  moving  tne  source  ot  pollution  to‘ tne  central  power 
source.  Resistance  heating  results  in  greater  air  pollution  because 
of  its  lower  overall  rav/  fuel  efficiency,  but  the  heat  pump  will  result 
in  lov/er  overall  emissions  than  oil  or  gas  because  of  its  greater 
efficiency  and  the  better  facilities  for  emission  control  at  the  central 
power  plant. 

Overall,  the  installation  of  heat  pumps  in  lieu  of  resistance  or 
fossil  fuel  heating  units  appears  to  be  quite  feasible  from  the  stand- 
point of  impacts.  However,  if  a concerted  effort  to  greatly  increase 
the  market  penetration  (as  for  example  by  government)  is  undertaken, 
the  implications  as  to  employment,  the  construction  industry,  manufacturers, 
etc.  must  be  studied  carefully  so  that  the  transition  could  be  accomplished 
with  the  least  amount  of  disruption  possible. 


'G-42- 


G.3.  RESIDENTIAL/COMMERCIAL  SUBSTITUTION  ACTIONS 

This  section  presents  a more  detailed  explanation  of  the  systems 
approach  used  in  identifying  the  means  for  energy  conservation  by  sub- 
stitution for  scarce  energy  resources  which  was  outlined  in  Chapter  7. 

A specific  action,  solar  heating  and  cooling,  is  used  as  an  example  to 
illustrate  the  broad-based  analysis  needed  to  accomplish  a systems  study. 

G.3.1  CONSERVATION  THROUGH  SUBSTITUTION  FOR  SCARCE  FUELS 

As  previously  indicated  in  Chapter  7,  the  Residential/Commercial 
sector  was  divided  into  three  sub-study  groups.  The  objective  of  this 
sub-study  analysis  was  to  identify  means 'for  energy  conservation  by  sub- 
stitution for  scarce  energy  resources. 

In  order  to  effectively  deal  with  this  topic,  a working  definition 
for  'scarce'  must  be  determined.  It  can  be  theorized  that  any  resource 
capable  of  being  utilized  for  energy  generation  has  a finite  limitation 
and  can,  therefore,  be  classified  as  scarce.  Scarcity,  however,  must  be 
viewed  within  the  framework  of  a specific  time  to  be  relevant.  The  sun 

, I 

can  be  cited  as  a representative  example  of  a source  which  offers  a 
theoretically  unlimited  source  of  energy  within  the  context  of  current 
(time  framework)  knowledge  and  understanding  of  the  sun/earth  relationship. 
It  can  be  argued,  however,  that  the  sun  has  a finite  limitation  and  there- 
fore, at  some  future  time,  will  become  a "scarce"  resource.  Within  a 
relative  time  frame,  coal  may' also  be  considered  a "scarce"  resource, 
although  estimates  of  from  700  to  1500  years  availability  are  projected 
for  the  U.  S. 

The  sub-studies  for  the  substitution  study  involved  the  following  areas 
(see  Figure  G-ia.l-l). 

Identify  conservation  actions 

Assess  potential  energy  conservation  of  actions 

Identify  barriers  to  implementation 

Identify  incentives  for  implementation 

Assess  impacts 

Each  of  these  areas  is  discussed  in  more  detail  below. 
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IDENTIFY  CONiERVATION  ACTIONS 


1 ASSESS  POTENTIAL  ENERGY  CONSERVATION  1 
i OF  ACTIONS J 


IDENTIFY  MEANS  FOR  | 
CONSERVATION  BY  I 
SUBSTITUTION  FOR  [ 
SCARCE  FUELS  ! 


IDENTIFY  BARRIERS  TO 
IMPLEMENTATION 


IDENTIFY  INCENTIVES  FOR 
IMPLEMENTATION  


1 ASSESS  IMPACTS 


FIQURE  Q.3.1-1  SCHEMATIC  OF  "SUBSTITUTION"  SUB-STUDY 

SYSTEMS  APPROACH 


i IDENTIFY  SCARCE 


ENERGY  RESOURCES 

IDENTIFY  SUBSTITUTIONAL 

IDENTIFY  SUBSTITUTIONAL  | 

CONSERVATION  ACTIONS 

ENERGY  RESOURCES  ! 

IDENTIFY  CONTROLS  | 

FOR  SUBSTITUTION  | 

FIGURE  G.3.1-2  METHOD  FOR  IDENTIFYING  CONSERVATION  ACTION 
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Identify  Substitutional  Conservation  Actions 

In  order  to  be  able  to  identify  those  actions  which  will  qualify  as 
substitution  conservation  actions*'  thre^  basic  areas  of  information  must 
be  determined  (see  Figure  6. 3. 1-2}.. 

Scarce  energy  resources 

Substitution  energy  resources 

Controls  for  substitution 

"Identifying  scarce  energy  resources"  itself  can  be  considered  a 
sub-study  which  would  have  the  following  requirements: 

Identify  present  and  projected  levels  of  energy  resource 
availability. 

Develop  end  use  profile,  both  by  usage  and  source  energy 
type. 

The  identification  of  those  energies  which  are  to  be  considered  scarce 
must  also  acknowledge  factors  beyond  resource  availability.  For  instance, 
the  effort  of  “Project  Independence"  to  reduce  oil  imports  could  create 
a 'scarcity'  of  oil  within  the  U.  S.  even- before  world  oil  reserves  are 
depleted.  Also,  the  time  frame  considered  will  be  a vital  factor  in 
deciding  if  a particular  energy  resource  is  scarce.  All  non-renewable 
energy  resources  may  be  considered  scarce  if  the  time  frame  selected  is 
sufficiently  long. 

Through  a broad  based  literature  search,  current  and  projected 
levels  of  fuel  availability  as  well  as  end  use  profits  were  identified. 

As  a result  of  the  analysis  of  these  availability/demand  profiles,  the 
primary  "scarce"  resources  for  which  substitutional  sources  should  be 
sought  were  identified  to  be  oil  and  gas. 

The  "identification  of  substitutional  energy  resources"  appears  to 
divide  itself  into  three  areas: 

Identify  types  of  sybstitutional  energies 

Investigate  technological  feasibility 

Determine  reserves  or  capacity 

The  types  of  substitutional  energies  should  not  be  limited  to  the 
'alternate*  energies  (such  as  solar,  wind,  geothermal,  trash  incineration), 
but  must  also  include  substituting  such  things  as  coal  for  natural  gas  or 
oil.  In  fact,  any  presently  non-scarce  energy  resource  should  be  studied 
as  a possible  substitution  for  any  scarce  energy  resource.  However,  it 
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should  be  noted  the  technological  feasibility  (including  economics)  may 
be  uncertain  for  a variety  of  reasons,  including  costs  of  other  fuels, 
materials,  manpower,  etc.,  both  now  and  certainly  in  the  future.  Often 
the  potential  reserves  or  ultimate  capacity  of  the  substitutional  energy 
is  uncertain  due  to  technical  unknowns  (conversion  efficiency)  or  ignor- 
ance of  the  basic  resource  (how  much  wind  energy  and  where?). 

This  "identifying  resources"  phase  of  the  analysis  led  to  the  identi- 
fication of  the  myriad  substitutional  possibilities  which  included  the 
following: 


solar 

hydropower 

hydrogen 

methane 

coal 

Potential  energy  to  be  derived 
cated  in. Table  G.3.1-1. 


wind 

bio-mass  conversion 
solid  waste  conversion 
geothermal 

from  some  of  these  sources  is  indi- 


Consi deration  was  given  to  the  technical  feasibility  of  adopting 
the  aforementioned  sources  directly  to  residential  or  commercial  insta- 
llations, i.e.,  using  the  source  .for  local  power  .generations  as  opposed  to 
generating  the  power  at  a remote  plant  and  distributing  it.  This  possi- 
bility seems  to  be  beyond  near  term  capabilities  for  many  potential  sub- 
stitutional sources  due  to  costs,  proximity  of  the  end  user  relative  to 
the  power  source  location  (as  in  the  case  of  geothermal),  pollution  problems 
and  lack  of  available  technology. 

To  “identify  the  controls"  (constraints  and  criteria)  involved  in  sub- 
stituting for  scarce  energy  resources,  two  basic  divisions  seem  to  exist: 

Technological  controls; 

Social  controls. 


Technological  controls  are  those  technical  constraints  and  criteria 
operating  on  a particular  substitution  action.  These  technological  controls 
would  involve  the  'engineering  feasibility'  of  the  action.  The  social 
controls  would  involve  institutional  (financial,  political,  legal)  and 
sociological  interactions  associated  with  the  substitutional  actions.  As 
was  recently  demonstrated  with  nuclear  power,  the  social  controls  may  veto 
a technically  feasible  action. but  they  may  also  force  an  "uneconomic" 
proposal  such  as  antf-pollution  devices. 
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TABLE  G.3.1-1.  POTENTIAL  OF  SELECTED  SUBSTITUTIONAL  ENERGY  RESOURCES 
IN  THE  U.  S.  r.MEGASTAR  - 741 


coal  {Jan.  1,  1972} 

hydropower 

solar  (entire  0.  S. ) 

- Arizona 

- New  England 


3.2  X 10^ mi  11  ion  tons 

126  GWe  (all  sites) 

4,500  Quads/year 

1900  BTU/FT^-DAY 
1100  BTU/FT'^— DAY 

10^^  KWe* 


[NSF/S.E.P.  — 72] 
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Engineering  feasibility  is  a dependent  variable  based  upon  present 
technology,  present  research  and  development,  future  investment  by  govern- 
ment and  industry,  governmental  policies,  industrial  interests,  and  the 
desire  expressed  by  the  public  for  a particular  energy  source.  To  some 
extent,  these  factors  also  reflect  social  controls. 

As  a result  of  an  analysis  of  the  previously  mentioned  potential 
substitutional  sources,  a list  of  conservation  "actions"  was  generated 
(Table  6. 3. 1-2).  This  list  was  then  evaluated  by  examining  specific 
elements  that  would  be  instrumental  in  determining  the  viability  of 
selected  substitutional  conservation  actions. 


Assess  Potential  Energy  Conservation  of  Actions 

The  assessment  of  the  potential  for  energy  conservation  of  a particular 
action  involves  several  sub-studies  (see  Figure'G.3.1-3) : 

Identify  potential  energy  savings  (net  energetics); 

Identify  material  requirements; 

Identify  manpower  requirements; 

Identify  capital  requirements; 

Identify  time  frame  for  implementation- 

It  should  be  noted  that  some  of  the  above  areas  will  involve  'best 
quess'  type  analyses.  Also,  in  identifying  a particular  conservation 
action,  much  of  the  information  needed  will  be  generated  for  assessment 
of  that  action. 

Table  G. 3.1-3  reflects  a matrix  analysis  of  all  actions  identified 
within  the  scope  of  this  study.  This  table  displays  the  initial  assess- 
ment concerning  requirements  and  impacts  of  each  action. 

Identify  Barriers  and  Incentives  to  Implementation 

The  identification  of  barriers  and  incentives  to  implementation  of 
a substitution  energy  conservation  action  is  an  ongoing  problem  through- 
out all  phases  of  the  entire  study.  It  should  also  be  noted  that  barriers 
and  incentives  can  be  generated  internationally,  nationally,  and  locally, 
regardless  of  the  particular  substitution  action  taken.  Also,  any  con- 
servation action  can  induce  its  own  incentives  and  barriers  depending  on 
the  method  of  implementation. 
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TABLE  G.3.1-2.  LIST  OF  SUBSTITUTIONAL  CONSERVATIO:;  ACTIONS  T!  THE  RESIDENTIAL/ 
COMMERCIAL  SECTOR* 


Using  solar  insolatiofi  for  space  heating  and  cooling  of 
buildings 

Using  solar  insolation  to  generate  electricity 
Using  wind  energy  to  generate  electricity 
Using  trash,  garbage,  or  sewage  as  a fuel 
Using  hydro-pov/er  at  the  local  level 

Using  electricity  generated  by  a non -scarce  fuel  to  replace 
burning  oil  or  gas 

Using  coal  to  heat  and  cool  instead  of  oil  or  gas 
Using  hydrogen  or  methane  in  place  of  natural  gas 


* All  actions  are  assumed  to  be  'LOCAL':  Either  at  the  user  location 

or  close-by;  i.e..  The  District  Concept  of  energy  usage 


FIGURE  G'.3.1-3 


METHOD  FOR  ASSESSING  POTENTIAL  OF  CONSERVATION  ACTION 


TABLE  G.3.1-3  CONSERVATION  ACTION  EVALUATION  MATRIX 


sr 

AVAILABI 

LITY 

IMPACTS 

1 

"+"  = favorable  or  positive 
= unfavorable  or  neaative 
"H"  = high 
"H"  = medium 
"L"  = low 
" " = no  effect 

COMMENT 

CONSERVATIO?! 

ACTION 

POTENTIAL 

SAVINGS 

o 

1— 

*2: 

Lu  txj 

0 

lU  ^ 
00  CL 

UJ  >—i 

1 

CAPITAL 

MANPOWER 

tr> 

<C 

0: 

UJ 

SOCIAL 

POLITICAL 

ECONOMIC 

1 ENVIRON- 
1 MENTAL 

OVERALL 

FEASIBILITY 

Using  hydropower  at  the 
local  level 

+L 

-L 

-L 

-L 

+L 

+L 

"L 

-L 

-M 

• Installing  2 ;<  10^ 
residential  units  saves 

Using  hydrogen  in  place 
of  natural  gas 

+H 

-M 

-H 

-L 

-L 

-L 

-M 

-L 

-L 

0.06  Quads/yr.  (assumed 
farming  families  are  total 
market  with  10%  participation) 

• Assumed  7%  appliance  conversion/ 

Using  electricity  gener- 

+M 

+M 

+M 

+L 

+M 

-L 

-L 

-M 

-H 

+L 

yr.  and  replaced  500  billion  SCF 
nat.  gas/yr. 

• Change-over  schedule: 

-1985:  .5  Quad  hydrogen  in  place 
-1990:  3 Quad 

-2000:  8 Quad 

• All  new  and  replacement  building 

ated  by  a non-scarc{ 
fuel  (coal)  to  re- 
place direct  use  of 
petroleum  and  natu- 
ral gas 

Using  coal  directly  to 

+H 

-H 

-H 

-H 

-H 

-H 

-H 

-H 

-H 

-H 

not  allov/ed  to  use  oil  or  gas 

• Savings  in  1985  LP.I.-741 
-oil:  0.11  Quad/yr. 

-N.G. : 1. 14  Quad/yr. 

-coal:  3.76  Quad/yr.  additional 
consumed 

• Coal  would  become  over  50%  of 

heat  and  cool  in- 
stead of  oil  and 
gas 

res. /comm,  direct  energy  input 
• Enormous  conversion  and  retro-fit 
operation  necessary 
-•  Distribution  system  would  have  to 
be  set-up 
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DRIGHAC  PAGE  IB 
OE  POOR  QUALITY 


TABLE  G. 3.1-3  CONSERVATION  ACTION  EVALUATION  NiATRIX  (Cont.) 


CONSERVATION 

ACTION 


Use  solar  energy  for 
space  heating  and 
cooling  and  hot 
water  heating 


Use  solar  insolation  to 
generate  electncity 


Use  wind  energy  to 

generate  electricity 


Use  trash,  garbage  or 
biomass  as  fuel 


»-«  tn 
{—  O 
3T  55 
LU 

I—  > 
O < 
CO 


+M 


+L 


+L 


+H 


5 

•z. 
Uu  to 
o x: 

LU 
LU  -J 
a. 
<C  ^ 

LU  HH 


+H 


+L 


+L 


+M 


AVAILABILITY 


_j 

<x. 


Ou. 

< 

o 


+H 


-M 


+L 


+M 


a: 

uo 

z< 

o 

Q. 

IS 

g 


+H 


+H 


•fH 


+H 


CO 


cc 

UJ 


+H 


+M 


+H 


+H 


IMPACTS 


o 

o 

LO 


tL 


+L 


+L 


+L 


< 

o 


o 

O- 


+M 


o 

O 

o 

LU 


I 

2: 

o -J 
csZ  <C 

l-H 

>•  a: 

2:  LU 
LU 


+M 


+M 


+H 


+H 


+M 


+M 


+H 


+L 


+L 


+M 


+M 


5- 

)- 


O U. 


+H 


+M 


+M 


+H 


favorable  or  positive 

unfavorable  or  negative 

high 

tnediurn 

low 

no  effect 


COMMENT 


. Minor  implementation  period  in 
1985  to  1995  time  frame 
. Savings  about  2-6  quads/yr  by  2000 
. Assumed  government  continues 
backing 

. Regional  implementation  is  uneven. 

. Time  frame:  beyond  1995 
. Severe  cost/KW  barrier  at 
present;  uncertain  future  costs 

. Large  long  range  potential 
. Storage  problem 


Potential  : 

- 1980:  0.007  quad/yr. 

- 2000:  10  Qdad/yr.  (max.) 

imnlementation) , 
Biomass  is  long  range,  trash  is 
short  to  mid-range  for  implemen- 
tation. 
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Assess  Impacts 

The  term  impact  as  used  here  is  in  the  broadest  possible  sense.  A 
substitution  action  will  be  evaluated  as  to  its  impacts  not  only  on  the 
material,  labor,  and  capital  markets,  but  with  respect  to  its  effect  on 
life-style,  institutional  structure,  environment,  and  any  other  area  that 
may  be  affected.  A general  approach  to  this  study  of  impacts  might  be  by 
studying: 


The  users 
The  producers 

4 

The  regulators 

Overall,  assessing  the  Impacts  becomes  a 'brain-storming'  activity  in  order 
to  relate  as  many  of  the  impacts  as  possible. 


G.3.2  EXAMPLE  OF  SUBSTITUTIONAL  IMPACT  ANALYSIS 

Within  the  framework  of  this  study,  it  was  decided  to  assess  the  • 
potential  impact  from  a specific  action  which  would  serve  as  a test  case 
for  future  assessment  activities.  It  was  felt  that  such  an  exercise 
would  be  useful  in  formulating  an  analysis  technique  that  could  be  applied  - 
in  the  assessment  of  any  alternate  action  deemed  worthy  of  analysis.  Dis- 
cussions have  revealed  that  significant  impacts  could  result  from  the 
institution  of  solar  systems  as  a substitutional  source  in  lieu  of  currently 
available  heating  and  cooling  systems  in  the  residential/commercial  sector. 
The  following  analysis  reflects  an  in-depth  study  related  to  such  an  action. 
Reasons  for  choosing  this  action  included  the  following  factors. 

The  potential  conservation  energy  savings  are  reasonably  high. 

The  Federal  Government  has  indicated  interest  in  this  action. 

Public  enthusiasm  has  been  generated  for  this  action. 

Industry  appears  interested  in  entering  the  solar  field. 

Current  Status 

Efforts  to  use  solar  energy  for  heating  and  cooling  have  met  with 
limited  success  to  date.  The  basic  technology  is  available  and  the 
principles  have  been  demonstrated;  in  fact,  several  working  systems  have 
been  built  i.n  the  United  States. 
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Figure  G.3.2-1  is  a schematic  diagram  of  a specific  heating  and  cooling 
system.  The  three  basic  types  of  solar  systems  are  those  which  permit  hot 
water  heatina,  hot  water  and  space  heating,  and  hot  v'ater,  space  heatino  and 
cooling.  Common  characteristics  of  most  current  systems  include: 

Flat  plate  collectors; 

An  energy  storage  system; 

An  auxiliary  energy  source  to  supplement  the  solar  caDability. 

Since  the  collection  and  storage  required  to  fake  care  of  the  maximum 
possible  heating/cooling  load  conditions  is  far  too  expensive  to  be 
practical,  a supplemental  energy  source  must  be  provided.  However,  the 
supplemental  energy  source  must  be  capable  of  supplying  the  full  heating 
or  cooling  requirements  of  the  building  at  the  time  when  the  demand  is 
the  greatest.  The  thermal  energy  available  from  the  collector  or  storage 
units  can  be  used  directly  for  space  and  water  heating  or  to  operate  a 
heat  actuated  cooling  unit.  As  with  space  heating  and  cooling  with  conven- 
tional energy  sources,  various  pumps,  controls  and  facilities  for  circula- 
ting air  from  the  heating  and  cooling  units  to  the  conditioned  space  are 
required. 

Presently,  space  heating  and  hot  water  heating  are  the  closest  to 
being  economically  viable.  With  rising  fuel  costs  and  more  attentive 
consumers,  space  and  hot  water  systems  should  be  competitive  within  three 
to  four  years.  The  technology  for  space  cooling  systems  is  not  as  well 
developed  and  lags  heating  system  development  by  approximately  five 
years. 


Consumer  Status 


The  public  appears  enthusiastic  about  the  introduction  of  solar  heating 
and  cooling-  Several  individuals  have,  at  their  own  expense,  installed  heat- 
ing and  hot  water  systems  on  their  homes.  Popular  literature  has  reflected 
this  public  interest  with  many  articles  detailing  "How-To"  techniques  as 
well  as  reporting  the  latest  developments  in  solar  research.  However,  the 
high  initial  cost  has  been  the  restraining  factor  against  wide-spread 
implementation. 


Industry  Status 

The  technology  for  solar  space  heating  exists  now  and  manufacturers 
are  beginning  to  make  subsystems  and  systems  available,  but  current  prices 
are  high.  The  application  of  this  technology  to  user  needs  must  be  demon- 
strated convincingly,  production  increased,  and  prices  reduced  appreciably 
before  a’sufficient  market"  can  be  "developed.  Also,  standards  must  be  set  and 
methods  developed  to  assure  the  buying  public  that  the  standards  are  being 
met.  The  recent  founding  of  the  Solar  Energy  Industry  Association  (SEIA) 
illustrates  the  ready-and-willing  attitude  of  industry  to  enter  the  solar 
field. 


THERMAL  STORAGE 
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Government  Status 


The  Federal  Government  is  presently  undertaking  a national  plan  for 
solar  heating  and  cooling.  ERDA  is  acting  as  the  lead  federal  agency  in 
cooperation  with  other  participating  agencies.  NASA  has  the  responsibi- 
lity for  management  and  development  of  the  solar  heating  and  cooling 
systems  which  are  to  be  installed  nation-wide  under  the  plan.  The  laws 
passed  by  the  93rd  congress  dealing  with  this  program  are: 

Solar  Heating  and  Cooling  Demonstration  Act  of  1974,  P.L.  93- 
409,  September  3,  1974; 

Energy  Reorganization  Act  of  1974,  P.L.  94-438,  October  11, 

1974; 

Solar  Energy  Research,  Development,  and  Demonstration  Act  of 
1974,  P.L,  93-473,  October  26,  1974; 

Federal  Non-nuclear  Energy  Research  and  Development  Act  of  1974, 
P.L.  93-577,.  December  31  , 1974. 

The  overall  goal  of  the  plan  is  to  stimulate  the  creation  of  a viable 
industrial  and  commercial  capability  for  producing  and  distributing  solar 
heating  and  cooling  systems,  thereby  reducing  the  demand  on  present 
fuel  supplies  through  widespread  use  in  residential  and  commercial  build- 
ings and  applications.  The  plan  calls  for  the  demonstration  of  solar  heat- 
ing by  the  end  of  Fiscal  Year  1977  and  the  demonstration  of  combined  solar 
heating  and  cooling  by  the  end  of  Fiscal  Year  1979.  Also  included  are 
supporting  research  and  development,  collection  and  dissemination  of  infor- 
mation, and  suggested  Government  policy  measures  to  accelerate  implimenta- 
tion  and  market  development.  [ERDA  23-75] 

The  National  Plan  for  Solar  Heating  and  Cooling  includes  three  major 
elements: 


Demonstrations  for  both  commercial  and  residential  applications, 
initially  utilizing  available  systems; 

Development  in  support  of  the  demonstrations,  initially  utilizing 
available  subsystems  and  components; 


Research  and  development  to  advance  solar  heating  and  cooling 
technology  essential  to  the  timely  progress  of  the  demonstra- 
tions and  the  eventual  large  scale  applications. 

On  the  state  level,  governmental  emphasis  has  been  primarily  on  the 
providing  of  Incentives  for  installing  solar  equipment,  with  very  little 
solar  research  or  development  being  instigated  by  the  states.  Indiana 
recently  instituted  a tax  exemption  on  installed  solar  systems,  and  many 
other  states  havepending  legislation  along  this  same  line.  Also,  several 
states  are  investigating  the  possibilities  of  demonstrating  solar  heating 
and  cooling  by  having  systems  installed  on  newly  constructed  state  build- 
ings. 
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Requirements 


The  requirements  of  solar  systems  for  capital,  manpov/er,  and  materials 
depend  on  both  the  extent  and  rate  of  implementation  or  installation.  For 
example,  with  the  installation  of  one  million  systems  within  the  next  two 
years,  the  requirements  might  not  be  able  to  be  met.  However,  if  the  goal 
is  to  install  these  systems  over  a ten  year  span,  then  the  availability 
of  capital,  manpower,  and  materials  is  more  likely. 

Several  studies  [PI-74:  Ford-74,  Terrastar-73]  have  projected  the 
expansion  of  solar  development.  Figure  G.3.2-2  shows  these  projections  of 
solar  energy  in  service  from  1985  to  2000.  The  requirements  for  the  Pro- 
ject Independence  projections  are  shown  by  Table  G.3.2-l  for  space  heating 
and  hot  water  combined,  and  by  Table  G.3.2-2  for  hot  water  heating  alone. 

The  Ford  Foundation  [FORD-74]  projects  solar  utilization  in  its  "Tech- 
nical Fix  Base"  scenario.  Table  G.3.2-3  lists  the  requirements  for  the 
Ford’  projection  by  five  year  increments.  Table  G.3.2-4  standardizes  these 
requirements  by  stating  them  per  million  square  feet  of  installed  collec- 
tor. 


ERDA  has  projected  the  number  of  annual  solar  installations  and  the 
fuel  savings  by  year  from  1976  to  1985.  Table  G.3.2-5  shows  these  solar 
starts,  including  commercial  retrofits.  The  Westinghouse  Phase  0 Solar 
Study  [j>festinghouse-74]  projects  the  percent  of  new  construction  'that 
would  be  cost  competitive  using  solar-assisted  space  heating  and  cooling, 
and  this  is  shown  in  Figure  G«3.2-3. 

Overall,  the  material,  manpower,  and  capital  requirements  do  not  seem 
excessive  in  any  of  the  projections.  The  availability  of  these  require- 
ments should  not  be“a  bottle-neck  to  the  development  and  expansion  of  solar 
heating  and  cooling  systems. 


Barriers  to  Implementation 

The  barriers  to  implementation  of  solar  systems  may  exist  from  the 
manufacturer  down  to  the  consumer.  These  barriers  may  be  raised  by  govern- 
ments, institutions,  special  interest  groups,  or  by  the  consumer  himself. 
Presently,  the  identification  of  barriers  is  a task  taken  on  by  the  manu- 
facturer of  the  particular  item  when  considering  marketability.  However, 
the  identification  of  barriers  should  not  stop  with  just  getting  the  item 
marketed.  Any  future-time  barriers  should  be  addressed  before  they  are  met. 
A partial  listing  of  barriers,-  incentives  to  overcome  these  barriers,  and 
specific  actions  are  given  in  Table  G. 3.2-6. 
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SOLAR  ENERGY  IN  SERVICE,  QUADS/YEAR 


TABLE  G 3,2-1  SOLAR  SPACE  HEATING  AND  HOT  WATER  FOR  SINGLE  FAMILY  AND 

SMALL  COMMERCIAL  BUILDINGS  [PI.  DRAFT-74] ‘ 


ANNUAL  INSTALLATION 
OF  NEW  UNITS 
(Includes  Hot  Water 


Only  Systems) 

UTILIZATION 
(10*^  BTU/.yr) 

SINGLE 

F-AM.I.LY- 

SMALL 

COMM. 

2 

1980 

.280 

117,000 

72,000 

(.012) 

( 58,000) 

(13,600) 

1985 

.550 

205,000 

126,000 

(.280) 

(102,500) 

( 62,500) 

1990 

1.490 

205,000 

126,000 

( .550) 

(205,000) 

026,000) 

1^95 

2.4 

205,000 

126,000 

(1.3) 

(205,000 

(126,000) 

2000 

3,5 

205,000 

126,000 

(2.3) 

(205,000) 

0 26,000) 

CAPITAL 


REQUIREMENTS 
(10^  $/yr) 

MATERIAL  REQUIREMENTS 
(10'^  TONS/YR) 

MANPOWER 

(plant  + 
Consumer) 

A1 uminum 

Glass 

Steel 

(10^  MAN- 
PER  YEAR 

53 

605 

826 

1339 

67 

(17.0) 

(146.9) 

(199.9) 

( 346.6) 

(18) 

89 

1064 

1452 

2333 

116 

(45) 

( 532) 

( 726) 

(1166) 

( 58) 

89 

1064 

1452 

2333 

116 

(89.3) 

(1064) 

(1452) 

(2333) 

(116) 

89 

1064 

1452 

2333 

116 

(89.3) 

(1064) 

(1452) 

(2333) 

(116) 

89 

1064 

1452 

2333 

116 

(89.3) 

(1064) 

(1452) 

(2333) 

(116) 

' Oil  at  $ll/bbl 

2 Numbers  shown  refer  to  "Accelerated  Development"  with  "Business  As  Usual"  numbers  in  parentheses. 


YEARS) 


TABLE  G. 3.2-2.  SOLAR  HOT  WATER  HEATING  FOR  SINGLE  FAMILY  AND 
SMALL  COMMERCIAL  BUILDING  WITH  NO  ACCELERATED 
PROGRAM^  [p;i  DRAFT-74] 


YEAR 

DIRECT  ENERGY 
SAVING  (lO'^BTU) 

ANNUAL 
OF  NEW 

INSTALLATION 

UNIT 

SING.FAM  SM.COMM,. 

SING.FAM.  SM.COMM. 

1978 

6,850 

2100 

1980 

.00036  .00308 

13,700 

8400 

1990 

.070  .172 

137,000 

84,000 

MATERIAL 

MANPOWER 

CAPITAL 

REQUIREMENTS 

REQUIREMENTS 

REQUIREMENTS 

(TON/YR) 

(MAN-YRS/YR) 

(108$/yr) 

ALUMINUM  GLASS  STEEL 

17,810 

22,640 

14,400 

3,334 

3.84 

90,280 

422,600 

241,000 

30,430 

21.2 

a.  Oi]  ‘at  $n/bbl 


TABLE  G.3 

.2-5 

ANNUAL 

SOLAR  STARTS  AND  FUEL  SAVINGS  ^ [ERDA  23-75] 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

Annual  Starts ^ 

0.01 

0.03 

0.1 

0.5 

2 

5 

7 

10 

15 

15 

RESIDENTIAL 

Annual  Fuel 

Savings^. 

3.2 

12.8 

44.9 

205.4 

847.4 

2452.4 

4699.4 

7909.4 

12,724.4 

17,539.4 

Annual  Starts  1 

0.1 

0.3 

1 

5 

20 

50 

70 

100 

150 

200 

COMMERICIAL 

Annual  Fuel 

1 

Savings 2 

2.4 

9.6 

33.7 

154.2 

636.2 

1841.2 

3528.2 

5338.2 

9553.2 

14,373 

Annual  Retrofits^ 

0.1 

0.6 

1 

2 

3 

2 

2 

1 

1 

0.5 

COMMERCIAL 

Annual  Fuel 

Savings^ 

32.1 

224. 1 

545.7 

1187.7 

2150.7  2 

,792.7 

3434.7 

3755.7 

4076.7 

4237.2 

RES/COMM 

Total  Annual  Fuel 

Savings'^ 

40 

250 

620 

1550 

3630 

7090 

11,660 

17.600 

26,350 

36,150 

1.  In  thousands  of  units. 

2.  In  thousands  of  barrels  of  oil  equivalent  energy  saved  per  year. 

3.  Assuming  60%  solar  substitution,  with  1500  FT^/housing  unit  and  150,000  BTU/FT^-yr 
for  residential,  and  v/ith  15,000  FT^/comm.  unit  and  200,000  BTU/FT^-yr  for 
commercial . 
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TABLE  G.3.2-3  SOLAR  HOME  HEATING  AND  COOLING  REQUIREMENT 
FOR  FORD  TECHNICAL  FIX  BASE  [MEGASTAR-74] 


1 975-80 

1980-85 

1985-90 

1990-95 

1995-2000 

Solar  Quads/year 

0.1 

0.7 

1.4 

2.1 

2.7 

Ft^  Collector  (billions) 

0.1 

1.2 

2.6 

3.7 

4.8 

Aluminum  (thousand  tons) 

32 

240 

300 

250 

250 

Glass  (million  tons) 

0.1 

1.1 

1.4 

1.1 

1.1 

Insulation  (thousand  tons) 

22 

160 

200 

170 

170 

Steel  (million  tons) 

0.1 

1.1 

1.4 

1.1 

1.1 

CPVC  Pipe  (thousand  tons) 

15 

no 

130 

no 

no 

Cost  (billions) 

2 

12 

15 

12 

12 

Engineering  Manpower 

200  1 

,800 

3,700 

5,300  6 

,900 

Other  Manpower 

2,500  20 

,000 

43,000 

61 ,000  79 

,000 

TABLE  G.3.2-4  SOLAR  ENERGY  SYSTEM  UNIT  REQUIREMENTS  PER 
MILLION  SQUARE  FEET  OF  FLAT  PLATE  COLLECTOR 
[HEGASTAR-74] 

Item 

AT uminum 
Glass 

Insulation 
Steel 
CPVC  Pipe 
Cost 

Manufacturing  Manpower 
Installation  Manpower 
Useful  Energy  Generated  Per  Year 

*Fiberglass  tanks  could  also  be  used;  price  is  approximately 
the  same. 
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TABLE  G-3.2-6  SUMMARY  OF  INCENTIVES  AND  ACTION  OPTIONS  [ERDA  23-75] 


Barriers  to  Implementation 

■ Types  of  Incentives 

Action  Party/ Agency 

Specific  Action  Steps 

Parties  Affected 

1.  Uigh  first  costs  are 

* Income  tax  deduction 

Federal  and  State 

Develop  effective  tax 

Greater  incentive 

a dlscinccntive  to  the 
consumer 

* Income  tax  credit 

Governments 

Federal  and  State 
Governments 

deduction  formula 

Allow  a tax  credit  of 
some  X of  installed 
costs  or  mortgage 
payments 

for  high  income 
groups  than  low 

Home  owner,  all 
Income  groups 

^ Direct  subsidy 

Federal  and  State 
Governments 

Direct  assistance  Iti 
the  purchase  of 
solar  equipment 

General  public 

* Assure  chat  mortgage 

Federal  Covertimenc 

Influence  the  Federal 
Home  Loan  Bank  Board, 
FNMA,  and  GNMA 

Financial  tnsci— 
tucions;  hotaebuyer* 

if  Guaranteed  and 
insured  loans 

Federal  Government 

Raise  the  limit  on 
FHA-lnsured  mortgages 
to  cover  solar  aysceos 

Financial  Insel- 
tutlons , homebuyers 

* Low  Interest  Federal 
borrowing 

Federal  Gavernment 

Provision  of  Icw-interesC 
loans 

Homebuyers 

2.  Solar  systens  make  a 

* Similar  to  those  under 

Federal  and  State 

As  above 

Homebuyers  and 

home  more  expensive 

and  perhaps  burden  to  sell 

1.  for  the  purchase  of 
a solar  equipped 
house 

Governments 

sellers 

3.  It  nay  be  difficult 
and/or  expensive  to 
Insure  a solar  equipped 
building 

* Government  insurance 

Federal  Government 

Legislation  to  provide 
government  insurance 

Financial 
community, 
Homebuyers, 
Insurance  Ind. 

If  construction  materials 

A Sales  tax  exemption 

State  and  local 

Change  in  tax  l^w 

Construction  Indr 

purchased  by  builders  are 
taxed,  the  cost  of  the 
solar  system  to  the  con- 

or  reimbursement  for  governments 

materials  used  In  solar 
system  installation 

Homeowner 

Sumer  win  be  Lncrcdsed 

3.  The  solar  system 

* Tax  exemption 

State  and  local 

Develop  provisions 

Kooebuyers , 

increases  the  price 
of  a home  and  hence 

governoents 

which  are  falx  and 
equitable 

owners,  and 
sellers 

the  property  taxes 

6.  Solar  ays teas  in  com- 
mercial buildings  may 
yield  an  unfavorable 

* Investment  tax  credit 

Federal  and  State 
Oovernaents 

Extension  of  the 
investment  tax  credit 
to  the  cost  of  solar 

Investors 

race  of  return 

* Accelerated  depreciation  Federal' 

Government 

installations 

Work  out  a suitable 

formula 

7*  The  potential  manu- 
facturers may  be 
skeptical  about  entering 

* Accelerated 
depceclatloa  of 
capital  equipment 

Federal  Covernmeot 

Tax  ruling 

Manufacturers  and 
indirectly  con- 
sumers 

the  business  due  to  high 
Initial  production  costs « 

8.  Insufftclent  R5D 

* Government  grants 

Federal  and  State 

Increase  governnenc 

Research  community 
manufacturers 

and  contracts 

Governments 

R&D  funds 
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PERCENT  OF  NEW  CONSTRUCTION  THAT  IS  COST  COMPETITIVE 
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FIGURE  G.3.2-3.  TRENDS  IN  SOLAR-ASSISTED  SPACE  HEATING  AND  COOLING 
SYSTEMS  COST-EFFECTIVENESS  rWestinghouse-74j 
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The  use  of  incentives  to  overcome  barriers  is  probably  the  most 
popular  method  being  tried  today.  Through  the  provision  of  incentives, 
the  currently  slow  trend  toward  solar  can  be  accelerated  so  as  to  achieve 
a favorable  economic  climate.  Among  the  possible  ways  to  achieve  such 
an  accelerated  growth  of  the  solar  energy  industry  are  the  following 
alternatives: 

Income  tax  credits  for  solar  systems; 

Sales  tax  exemptions  on  solar  equipment  purchases.^ 

Increase  mortagage  money  availability  and  guarantee  and  insure 
loans  for  solar  systems; 

Permit  faster  tax  depreciation  on  solar  systems; 

Permit  fossil  fuel  prices  to  find  natural  supply/demand  levels 
on  the  open  market; 

Provide  accurate  climatic  data  for  solar  systems  design; 

Adjust  property  taxes  downward  by  the  amount  of  solar  equipment 
purchased 'to  encourage  use  of  solar  energy  systems; 

Remove  preferential  rate  structures  that  encourage  industrial 
and  residential  consumers  to  consume  more  energy. 

While  the  aforementioned  alternatives  have  a monetary  value,  the 
benefits  exceed  the  costs  in  terms  of  fossil  fuel  savings,  pollution 
reduction  and  improved  balance  of  payments. 


Impacts 

The  implementation  of  solar  energy  systems  to  conserve  scarce 
resources  implies  broad  based  repercussions  in  a number  of  societal 
areas.  Increasing  awareness  of  the  many  social,  political,  economic, 
and  environmental  repercussions,  as  well  as  other  consequences  result- 
ing from  such  technology  implementation,  dictates  the  necessity  to 
investigate  the  potential  impacts  from  such  an  action.  Impact  analysis 
also  permits  an  introspective  examination  of  many  latent  factors  that 
can  have  effects  in  such  areas  as  product  design,  determination  of 
potential  market  areas  and  distribution  strategies  which  may  yield 
crucial  data  as  to  the  commercial  feasibility  of  instituting  an  action. 

This  section,  therefore,  attempts  to  identify  and  discuss  some 
of  the  potential  impacts  resulting  from  the  implementation  of  solar 
energy  systems  to  provide  heating  and  cooling  for  the  residential  and 
commercial  sectors. 


Environmental  Impacts 

In  order  to  assess  the  effect  of  solar  energy  utilization  as  a 
substitutional  resource,  it  is  necessary  to  determine  the  total  energy 
inputs  versus  energy  outputs  (net  energetics)  required  to  produce  the 
collector  system.  The  result  of  such  a net  energetics  study  based 
on  the  use  of  either  steel,  copper,  or  aluminum  for  the  collector 
medium  with  a 1/4  inch  glass  coyer  and  a 22  gauge  steel  sheet  metal 
pan  as  the  container  for  the  components  is  shown  in  Table  G.3.2-7. 

This  study  indicates  the  principal  energy  consumer  to  be  the  collec- 
tor plate  with  steel  reflecting  the  lowest  cost.  While  copper  and 
aluminum  reflect  the  same  energy  cost,  copper  requires  approximately 
one  half  the  thickness  of  aluminum.  The  copper  collector,  however, 
is  twice  the  weight  and  four  times  more  expensive  on  a per  pound 
basis  than  aluminum.  Copper,  on  the  other  hand,  possesses  superior 
corrosion  resistance  which  may  make  it  more  competitive  on  a life- 
cycle  cost  basis.  Another  impinging  factor  is  that  bauxite  avail- 
ability for  aluminum  production  is. almost  totally  reliant  on  imports 
while  copper  is  almost  totally  domestically  produced. 

Table  G.3.2-8  reflects  the  total  collector  energy  costs  based 
on  the  use  of  the  previously  mentioned  materials.  Based  on  the  assump- 
tion that  one  square  foot  of  collector  will  result  in  a reduced  fossil 
fuel  usage  of  500  BTU/day,  the  energy  investment  associated  with  the 
steel  collector  will  be  repaid  in  183  days  (.5  years),  while  the  copper 
and  aluminum  collector  will  return  their  initial  energy  investment 
in  254  days  (.7  years).  These  payback  periods  are  exclusive  of  thermal 
insulation  gasket  materials,  and  surface  coatings,  the  inclusion  of 
which  would  increase  the  payback  period  slightly. 

Table  G.3.2-9  reflects  the  impact  of  solar  energy  systems  production 
upon  the  manufacturing  industry.  It  can  be  seen  that  the  most  signifi- 
cant impact  is  created  by  the  glass  requirement  which,  at  the  production 
level  of  500  million  square  feH  per  year,'  requires  4T%  df  the'1972  con- 
sumption level.  For  a similar  production  level,  copper  creates  the  next 
greatest  impact,  requiring  13%  of  the  corresponding  1972  production  level 
followed  by  aluminum  at  5%.  Table  G.3.2-9  also  indicates  a significant 
factor  with  respect  to  aluminum,  i.e.  the  U.  S.  is  almost  completely 
dependent  upon  imports  while  copper  is  least  dependent  upon  imports. 

An  "energy  efficacy"  net  energetics  analysis  which  compares  the  ratio 
of  the  energy  contribution  of  a particular  system  to  its  energy  cost  over 
an  assumed  lifecycle  period  is  reflected  in  Table  G-.3.2-10.  Significantly, 
solar  systems  have  the  highest  efficacy  level  of  any  system. 
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TABLE  G.3.2-7  COLLECTOR  COMPONENT  ENERGY  COSTS  [TRW-74] 


I Ota  I 


Material  i Thickness!  i i 


Energy/  CostTer  { 


Covers  & Pan 

Float  Glass 
Steel 


Collector  Plates 


0.25 

0.0312 


r (i^n  (Btu/lb) 

li 
i 

3 

s 


0.0624 
5 0.0365 
0.060 


3.3 
1 .25 


2.50 

1.68 

0.85 


; Unit  Col  lector  Area 
(Btu/ft2) 


5 X 10‘ 

20  X 10' 


20  X 10'" 

51  X 10^ 
100  X 10^ 


16. t)  X 10' 


25.0  X 10' 


50.0  X 10-^ 
85.6  X 10^ 

85.0  X 10^ 


TABLE  &;3.2-8  TOTAL  COLLECTOR  ENERGY  COSTS  [TRW-74] 


Material 

Steel 
Copper 
A1 umi num 


Energy  Cost  Per 
Unit  Collector  Area 
(Btu/ft2) 


91.5  X 10' 
127  X 10^ 
127  X 10^ 


Payback  Period* 
(Years) 


0.5 

0.7 

0.7 


^Assumes  an  average  of  500  Btu/day  of  energy  collected  and 
utilized -in  the  reduction  of  fossil  fuel  consumption. 


TABLE  G.  3.2-9  COLLECTOR  MATERIALS  REQUIREMENTS  [TRW-74] 


Material 

1972  U.  S 

" Percent  of 

l.._  50  _MfiJ  i/on.  Sq  'fii  I'ear  1 

( 50'0'Mill 

.-on  Sq  Pt/Year" 

Consumpti on 
(Million  Tons) 

Material  Imported 
in  197? 

Mi  11 1 on 
Tons 

Percent  of  I 
1972  Consumption  1 

j Million 
! T on's 

Percent  of 
1972  Consumotion 

Cover  and  Pan 

Float  Glass 

2,05 

— 

0.083 

4.1 

0.83 

41 

Steel 

133 

28 

0.032 

0.025 

0.32 

0.25 

Collector  Plates 

Steel 

133 

28 

0.063 

0.045 

0.63 

0.45 

Copper 

2.4 

18 

0.042 

1.8 

0.42 

18 

Aluminum 

4.1 

96 

0.022 

0.5 

0.22 

J 

f 

1 5 
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TABLE  G. 3.2-10  ENERGY  EFFICACY  COEFFICIENT  FOR 
CONVENTIONAL  AND  SOLAR  ENERGY  SYSTEMS  [TRW-74] 


SYSTEM 

Coal  Mining 
Petroleum  refining 

Gas  utilities 

Nuclear  fission 
reactors  (IWR) 

Energy  plantations 


Ocean  thermal  <15 

grad i ents 

Photovoltaic  system  < 6 

(large  satellite) 

Photovoltaic  system  <27 

(large  terrestrial) 

Thermal  system  <55 

(large  plant) 


Thermal  system  <56 

(small  plant,  on 
bui Id i ngs) 


efficacy’^ 

42 

4.8 

5.9 
<32 

< 3 


COMMENT 


Excludoo  cnorgy  required  for  dal  ivory 
to  final  demand 


Excludes  energy  required  for  delivery 
to  final  demand 


Based  entirely  upon  energy  consumed  by 
gaseous  diffusion  isotopic  enrichment 
of  fuel 

Electric  output.  American  Southwest. 
Assumes  three  crops  per  year,  field  dry- 
ing, and  combustion  to  generate  electri- 
c i ty 

Electric  output.  Considers  only  energy 
input  into  material  (aluminum)  for  boiler, 
condenser,  and  cool  water  intaKe  conduit. 

Electric  output.  Published  projections 
revised  to  account  for  indirect  energy 
inputs  into  materials. 

Electric  output.  Considers  only  total 
energy  input  to  aluminum  support  struc- 
ture for  solar  cell  array. 

Electric  output.  Considers  only  total 
energy  input  to  aluminum  support  struc- 
ture (which  may  form  part  of  collector) 
and  double  glazed  glass  cover. 

Heat  output.  Considers  only  cotal  energy 
input  to  copper  rooftop  collector  and 
double  glazed  glass  cover. 


* Thirty-year  installation  lifetimes  are  assumed. 

**  Consideration  of  additional  energy  inputs  necessarily  reduces  the 
energy  efficacy  coefficient. 


Land  Use  Modification 


Future  land  use  patterns  will  be  changed  somewhat  as  a result  of 
v;idespread  use  of  solar  collectors.  The  retrofit  market  will  be  limited 
depending  upon  past  land  use  patterns  which  defined  orientation,  roof 
type,  tree  locations,  and  general  exposure  to  the  sun.  Geographic 
locations  will  present  varying  opportunities  for  retrofit.  Areas  of 
the  country  where  most  houses  are  of  one-story  construction,  mostly 
oriented  north-south  with  wide  lots  and  few  trees  (such  as  Phoenix, 
Arizona),  would  present  greater  opportunities  for  retrofit  than  an  area 
where  housing  is  characterized  by  multi-story,  multi-family  units  on 
narrow  lots  with  a high  degree  of  shading  and  random  house  orientation 
(such  as  Boston,  Massachusetts).  . 

New  construction  employing  solar  systems  will  require  considerable 
consideration  for  orientation  in  order  to  maximize  solar  insolation.  A 
general  orientation  of  the  long  axis  of  buildings  in  the  east-west 
direction  will  be  common  for  buildings  using  roof-top  collectors.  Such 
orientation  requirements  \;;i11  alter  the  relationship  of  buildings  to 
streets  in  communities  laid  out  on  the  typical  grid  pattern.  The 
esthetic  effects  and  resultant  impacts  on  potential  buyers  may  result 
in  constraints  to  market  penetration. 

Consideration  must  also  be  given  to  adverse  effects  resulting  from 
the  proximity  of  single-story  buildings  to  multi-story  buildings  with 
respect  to  sun  exposure  where  roof-top  solar  collectors  are  employed. 
Permits  for  new  construction  will  have  to  be  evaluated  to  consider  the 
possible  effect  a proposed  building  might  have  on  adjacent  buildings 
as  a result  of  shadow  patterns  cast  from  the  sun. 

Building  sites  that  are  not  conducive  to  the  utilization  of  solar 
systems  (shaded  sites,  sloping  topography  that  does  not  permit  proper 
orientation)  may  be  refused  permits  for  construction  by  city  ordinances 
and  building  inspectors.  Concepts  of  landscape  design  which  encourage 
a decreased  use  of  trees  to  beautify  surroundings  and  to  shade  buildings 
will  most  likely  result  from  the  implementation  of  solar  systems. 


Architectural  Impact 

The  acceptance  of  solar  systems  will  be  largely  dependent  upon 
the  integration  of  solar  components  into  the  total  design  of  the  build- 
ing. This  will  present  design  challenges  to  the  architectural  pro- 
fession and  will  require  much  greater  attention  to  those  design  elements 
affected  by  the  solar  system,  e.g.  roof  and  wall  surfaces,  roof  slope, ^ 
physical  appearance,  orientation  relative  to  the  sun,  collection/distri- 
bution system's  design,  materials'  use,  as  well  as  consideration  for 
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a total  design  that  is  conservation  oriented.  The  requirement  that 
architects  be  familiar  with  such  design  elements  may  require  a need  for 
continuing  education  programs  to  expose  practicing -professionals  to  the 
design  ramifications  associated  with  solar  systems  technology.  This 
would  require  that  universities  establish  curricula  geared  toward  archi- 
tectural education  at  a post-graduate  level  and  that  such  programs  be 
accessible  to  the  urban,  suburban,  as  well  as  the  rural  practicing 
professional . 


Environmental  Hazards 


Roof-top  collectors  employing  glass  or  pTastics  as  a cover  material 
will  be  exposed  to  a number  of  natural  hazards.  These  will  include  heavy 
winds  and  rain,  hailstones,  flying  debris,  tornados  and  hurricanes,  and 
windblown  sand.  Certain  portions  of  the  country  are  more  susceptible  to 
potential  damage  from  such  natural  phenomena  and  design  solutions  (using 
shutters,  thicker  glass,  high  density  plastics)  will  have  to  be  tailored 
to  each  respective  region.  Cost  factors  resulting  from  such  actions  will 
also  create  -impacts  that  must  be  evaluated. 

Air  pollution  such  as  industrial  fallout  and  dust  will  adversely 
affect  collectors  by  inhibitinginsolation  through  the  collector  cover. 
Pollution  can  also  be  deleterious  to  the  collector  cover  and  may,  in 
extreme  cases,  require  its  replacement  due  to  resulting  reduced  effi- 
ciency. 


Political  Impacts 

Considerable  influence  is  exerted  by  private  interest  groups  rela- 
tive to  the  limited  impact  exerted  by  private  citizens.  Because  of 
their  usually  heavy  financial  support,  such  private  interest  groups  tend 
to  exert  considerable  influence  on  policy  determination  through  their 
lobbying  capability.  Such  special  interest  groups  will  be  evident  in 
the  development  of  new  energy  systems,  such  as  solar,  and  the  demands 
and  requirements  of  such  groups  will  create  significant  impacts.  Strong 
political  opposition  would  result  should  an  energy  industry  develop 
that  attempts  to  limit  or  restrict  the  activities  of  these  groups. 

Among  the  myriad  groups  that  have  a direct  affect  upon  energy  policy 
formulation  are  government  and  private  utility  companies,  energy 'producing 
companies  (Exxon,  Consolidated  Coal,  etc.)  heating,  ventilating  and  air 
conditioning  equipment  manufacturers  and  suppliers,  energy  producing  states, 
energy  producing  land  owners,  and  public  and  private  conservation  groups 
(Sierra  Club,  etc.). 
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Special  interest  group  influence  may  be  exerted  at  the  local  or 
state  governmental  level,  but  most  influence  is  exerted  at  the  national 
level . 

A determining  factor  in  the  development  of  solar  energy  will  be 
the  level  of  state  and  local  support  as  affected  by  the  local  economic 
base  and  the  relative  dependence  upon  revenues  derived  from  fossil 
fuels.  An  analysis  of  fossil  fuel  production  by  states.  Figure  G. 3.2-4, 
indicates  that  26  of  the  50  states  produce  significant  levels  of  fossil 
fuel  production  and  that  Texas,  Louisiana,  California,  and  West  Virginia 
are  the  only  states  which  achieved  in  excess  of  1,000,000,000  dollars 
worth  of  fossil  fuel  production  in  1971,  and  only  Kentucky,  Oklahoma, 
Pennslyvania,  Wyoming,  and  New  Mexico  achieved  production  levels  in  excess 
of  500,000,000  dollars. 

It  can  be  assumed  that  the  political  influences  exerted  by  the  24 
states  that  are  energy  dependent  could  be  relatively  strong  in  promoting 
solar  utilization  not  only  among  themselves  but  also  among  the  17  states 
where  fuel  production  may  be  large  but  not  representative  of  a large 
portion  of  the  states'  economy. 

Generally  favorable  attitudes  toward  solar  energy  development  have 
been  indicated  by  Congress  and  numerous  bills  have  emerged  from  both 
the  House  and  the  Senate.  These  bills  reflect'  the'  increasing  aware- 
ness and  concern  at  the  national  level  for  developing  solar  as  an  alter- 
nate energy  source  and  resulted  in  the  passage  of  PL.  93-409,  the  "Solar 
Heating  and  Cooling  Act  of  1974".  Such  an  action  is  indicative  of  the 
potential  effect  of  special  interest  groups  and  influence  at  the  state 
and  local  levels. 


Social /Psychological  Impacts 

A key  factor  in  determining  social/psychological  impacts  will  be  the 
resultant  changes  in  life  styles  and  in  health  and  safety  as  a result  of 
implementing  solar  technology. 

The  advent  of  solar  energy  will  actually  permit  the  consumer  to 
maintain  or  increase  his  standard  of  living  in  a period  when  higher 
fuel  costs  have  resulted  in. a declining  standard  of  living.  Since 
insufficient  fossil  fuel  reserves  exist  to  permit  a continuously  in- 
creasing standard  of  living  and  since  it  is  not  politically  expedient 
to  continually  increase  oil  import  levels,  solar  energy  seems  to  offer 
a viable  alternative  that  is  more  attractive  than  other  potential 
sources  (nuclear,  coal)  with  their  attendant  environmental  problems. 
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One  impinging  factor  that  may  cause  impacts  in  lifestyles  centers 
around  the  storage  capability  inherent  in  solar  systems  that  may  result 
in  energy  availability  which  may,  in  turn,  result  in  lower  heating  levels 
at  night  or  during  inclement  weather.  An  adjunct  impact  may  be  the  need 
to  alter  bathing  habits  during  such  periods. 


Utility  Companies 

Solar  energy  systems  could  be  either  beneficial  or  detrimental  to 
energy  producing  companies.  Should  the  utilities  not  participate,  their 
sales  may  decrease  or  increase  at  a slower  rate.  On  the  other  hand,  it 
seems  entirely  likely  that  solar  systems  may  require  a supplementary 
source  to  provide  power  during  periods  of  inclement  weather  when  solar 
systems  are  not  capable  of  maintaining  adequate  heating  levels.  Should 
the  utility  company  be  required  to  provide  adequate  power  capacity 
to  meet  peak  demands,  capital  investments  may  continue  to  increase  while 
sales  decrease. 

Another  alternative  that  may  significantly  impact  the  utility 
companies  is  rate  structuring  that  would  permit  lower  energy  rates  for 
off-peak  hours.  It  may  be  beneficial  for  consumers  who  utilize  solar 
systems  to  purchase  low  cost  power  at  off-peak  periods  to  "charge" 
their  storage  system  to  assure  adequate  availability  at  all  times. 

Such  an  approach  would  be  advantageous  to  the  utility  company  in  that 
it  would  permit  "load  leveling"  or  "peak  shaving"  that  would  result  in 
greater  efficiencies  in  the  operation  of  power  production  equipment. 

Utility  companies  are  understandably  more  receptive  to  solar-elec- 
tric generating  stations  than  to  individual  heating  and  cooling  instal- 
lations. Such  a system  is  readily  adaptable  to  integration  into  their 
existing  distribution  system.  The  use  of  solar  assisted  heat  pumps  is 
also  appealing  to  utility  companies  since  such  a system  would  allow 
the  use  of  heat  pumps  essentially  nationwide  rather  than  only  in  areas 
with  relatively  mild  winters.  Use  of  the  heat  pumps  also  allows  solar 
collector  operating  temperatures  to  be  in  the  100°  F range  permitting 
the  use  of  less  expensive  collector  units.  The  relative  effectiveness 
of  reduced  operating  temperatures  is  reflected  in  Table  G. 3. 2-11.  It 
Is  relatively  obvious  that  the  system  requirements  on  the  collector 
are  significantly  reduced  resulting  in  lower  collector  costs  per  unit 
area. 


It  is  entirely  possible,  when  reliable  solar  hardware  becomes 
available,  that  utility  companies  will  install,  maintain,  and  operate 
on-site  solar  systems  in  relatively  large  (district)  complexes  such 
as  shopping  centers,  hospitals,  schools,  etc. 


¥ 


G-73 


TABLE  F. 3. 2-11  QUALITATIVE  COMPARISON  OF  COLLECTOR  REQUIREMENTS 
FOR  SOLAR  HEATING  AND  COOLING  APPLICATIONS  [SPENCER-75] 


COLLECTOR  REQUIREMENT 

SOLAR  HEATING  AND 
ABSORPTION  AIR 
CONDITIONING 

SOLAR-ASSISTED 
HEAT  PUMP- 

Glazings 

2 

1 

Absorber 

Material 

Copper,  Aluminum 

Galvanized  Steel, 
Plastic 

Absorber 

Coatingj 

Selective 

Flat  Black 

It  is  doubtful  that  utility  companies  will  entertain  such  involve- 
ment in  the  residential  sector  due  to  such  factors  as  lack  of  control, 
liability  resulting  from  roof  leaks  and  customer  mobility.  The  econo- 
mics of  installing  and  maintaining  numerous  small  units  scattered  through- 
out a community  would  probably  not  be  economically  beneficial. 

The  possibility  of  utility  companies  providing  off-peak  rates  for 
auxiliary  power  to  solar  systems  was  previously  discussed  under  "Social/ 
Psychological  Impacts".  The  specific  rate  will  be  dependent  upon  the 
operating  characteristics  of  a particular  utility.  If  the  use  of  auxi- 
liary power  for  solar  heating  systems  reduces  the  revenues  of  utilities 
that  peak  during  the  summer  without  reducing  the  power  availability 
required  to  meet  peak  air  conditioning  demands,  the  result  will  be  an 
increase  of  the  real  costs  of  electricity  regardless  of  the  fact  that 
consumption  levels  have  been  reduced.  If,  on  the  other  hand,  the 
utility  peaks  during  the  winter,  the  solar  equipment  may  actually  reduce 
the  cost  of  electricity. 

Gas  utilities  maintain  greater  interest  in  solar  energy  systems 
than  do  electric  utilities.  This  is  due  to  the  fact  that  a major 
portion  of  the  gas  utilities  revenues  is  attributable  to  residential 
space  heating.  In  some  areas  of  the  country  (Arizona),  shortages  in 
gas  availability  have  resulted  in  curtailments  to  industrial  customers 
who  maintain  a lower  priority  than  residential  customers.  Gas  utili- 
ties view  solar  systems  as  a means  to  provide  some  relief  to  the 
curtailments  to  Industry. 

Further  evidence  supporting  the  interest  of  utilities  in  solar 
energy  systems  is  reflected  in  the  fact  that  the  Electric  Power  Research 
Institute,  which  is  supported  by  the  public  utility  companies  and  serves 
as  a research  agency  for  the  industry,  has  initiated  a solar  energy 
research  program. 


Conclusions 


This  section  has  attempted  to  present  an  analysis  of  impacts  resul- 
ting from  the  institution  of  a specific  action,  i.e.  "Implementing  Solar 
Energy  Systems".  It  is  the  purpose  of  this  effort  to  demonstrate  a method- 
ological , holistic  approach  in  assessing  a particular  action.  Such  a 
comprehensive  analysis  permits  insights  into  seemingly  superficial  or 
impertinent  factors  that  might  be  overlooked  which  may,  in  reality,  have 
significant  repercussions.  Such  an  holistic  approach  is  advocated  in  the 
analysis  of  any  action  regardless  of  how  insignificant  potential  impacts 
may  appear  as  the  result  of  preliminary  superficial  evaluation.. 

Reference:  MEGASTAR  74,  TRW-Phase  Zero  Study 
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G.4  RESIDENTIAL/COMMERCIAL  — REDUCE  ENERGY  USE  IN  LIGHTING  IN  COMMERCIAL 

SECTOR 

The  following  is  a description  of  the  use  of  a methodology  in  a 
comprehensive  evaluation  of  a conservation  ao-tion.  The  methodology 
utilizes  components  of  both  the  systems  approach  and  technology  assess- 
ment and  serves  only  as  one  suggested  guideline  among  a multitude  that 
could  be  used  in  the  assessment. 

Figure  G.4-1  states  the  overall  objective  with  a suggested  set  of 
requirements  necessary  to  meet  that  objective.  In  order  to  accomplish 
the  overall  objective  of  reducing  energy  for  lighting  in  the  commercial 
sector  a number  of  related  individual  actions  were  identified  and  qual- 
itatively assessed  as  to  their  overall  potential. 

Listed  in  Table  G.4-1  are  the  general  constraints  and  criteria 
adopted  by  the  Summer  Research  Faculty  Group  for  use  in  the  evaluation 
of  various  actions.  Applying  the  constraints  to  the  specific  action 
requires  a consideration  of  the  political  system  and  the  extent  that 
policy,  codes,  ana  standards  may  have  to  be  changed  in  order  to  imple- 
ment the  action.  Economic  constraints  relate  to  capital  requirements 
for  redesign,  for  incorporating  new  technology,  etc.  Among  other 
things,  social  constraints  relate  to  acceptance  of  building  redesign 
and  lower  lighting  levels. 

There  are  several  criteria  that  deserve  special  consideration. 

A reduction  of  lighting  in  the  commercial  sector  will  impact  the  peak 
loading  problem  since  load  factors  will  be  reduced,  especially  in  dense 
metropolitan  areas  where  the  potential  for  reducing  consumption  in  com- 
mercial building  is  very  large.  Ease  and  time  of  implementation  are 
certainly  criteria  against  which  the  actions  should  be  judged.  Heavy 
technological  requirements  or  long  time  periods  for  retrofitting  or 
redesign  could  certainly  deter  from  an  otherwise  favorable  action. 

In  the  systems  approach,  requirements  for  an  objective  in  turn 
become  individual  objectives  in  a sub-systems  diagram  with  their  own 
set  of  requirements.  For  example,  requirements  for  assessing  the 
present  situation  include  developing  an  overview,  comparing  standards 
and  codes,  and  assessing  efficiencies.  The  sub-system  diagram  for 
this  task  is  depicted  in  Figure  G.4-1.  Likewise,  requirements  for 
sub-systems  become  objectives  of  sub-sub-systems  diagram.  Requirements 
for  developing  an  overview  means  a consideration  of  present  lighting 
usage  in  the  residential/commercial  sector,  a comparison  with  total 
allocated  electricity,  and  a development  of  unit  demands  for  lighting 
compared  to  other  appliances.  Other  requirements  are  necessary  for 
a determination  of  standards  and  codes,  and  a consideration  of  pre- 
sent efficiencies.  Some  of  these  are  depicted  in  Figure  G.4-1  as 
sub-sub-sytems. 
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REQUIREMENTS 


FIGURE  G.4-I.  SYSTEMS  AND  SUBSYSTEMS  DIAGRAM  FOR  LIGHTING 
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TABLE  G.4-1  GENERAL  CONSTRAINTS  AND  CRITERIA  USED  IN  ECASTAR 


CONSTRAINTS: 

1.  Political  ex.  Congressional  lethargy 

2.  Economic  ex.  capital  available,  sunk  costs  {prior  invest.) 

3.  Social  ex.  population  growth  rate 

4.  Must  be  technologically  feasible  ex.  breeder  technology 

5.  Available  (but  quantity  unknown)  resources  ex.  oil,  manpower,  etc. 

6.  Natural  physical  law  ex.  1st  and  2nd  laws. 


CRITERIA:  Will  the  proposal 

1.  Reduce  dependence  on  non-domestic  energy? 

2.  Have  minimum  or  desirable  environmental  impact? 

3.  Have  severe  institutional  impact? 

4.  Economic-feasible?  And  in  time  frame  under  consideration? 

5.  Social -feasible?  (time  frame ) 

6.  Increase  energy  supply? 

7.  Reduce  energy  demand? 

8.  Political -feasible?  (time  frame) 

9.  Ease  of  implementation? 

10.  Impose  hazards  to  human  life  or  health? 

11.  Affect  the  energy  supply  mix? 

12.  Does  the  proposal  improve  the  demand  peaking  problem? 

13.  Will  the  proposal  reduce  dependence  on  scarce  fuels? 
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In  order  to  assess  projections  of  energy  use  for  lighting,  one 
must  consider  data  from  studies  such  as  the  Westinghouse  Energy  Utiliz- 
ation project.  Project  Independence,  and  National  Petroleum  Council. 

(see  Figure  G .4-2. ) 

The  next  step  in  the  process  was  to  identify  individual  actions 
under  the  heading  of  the  general  action.  One  means  of  accomplishing 
this  task  was  to  make  use  of  a variety  of  information  sources  — 
seminar  speakers,  reports  (Project  Independence,  National  Petroleum 
Council),  think  tank  ideas,  group  interaction,  etc,  (see  Figure  G.4-3.) 

•* 

From  the  various  sources  a number  of  actions  were  identified. 

These  are  listed  in  Table ‘6.4-2  along  with  potential  savings, 

ease  of  implementation,  requirements,  impacts,  etc.  In  many  cases,  it 

was  not  possible  to  determine  or  document  exact  numbers,  but  the  matrix 

serves  as  an  example  of  a qualitative  assessment  of  a.  number  of  individual 

actions. 

It  is  obvious  from  a cursory  examination  of  a number  of  the  actions 
that  large  potential  savings  can  be  accomplished  by  mandating  government 
standards  for  lighting  in  all  new  and  existing  commercial  structures. 
Project  Independence  predicted  significant  savings  based  on  programs 
conducted  by  the  General  Services  Administration.  For  this  reason, 
and  because  of  time  constraints  within  the  Summer  Faculty  Program, 
the  major  action  of  mandating  government  standards  for  lighting  in 
commercial  buildings  were  compared  with  two  parallel  actions  — utiliz- 
ation of  effective  switching  systems  to  reduce  lighting  requirements 
in  the  commercial  sector  and  a redesign  of  building  interiors  and  ex- 
teriors to  maximize  sunlight  penetration  from  natural  lighting  (see 
Figure  6.4-4,). 


In  order  to  assess  the  three  chosen  alternatives  for  reducing 
energy  due  to  lighting  in  the  commercial  sector,  it  was  necessary  to 
filter  the  actions  through  a criteria  evaluation  matrix  in  order  to 
determine  requirements  and  impacts.  Major  constraints  were  time  frame 
— it  was  deemed  necessary  to  consider  the  potential  for  immediate 
savings  --  and  cost  of  Implementation.  Table  G.4-3  illustrates  a 
qualitative  evaluation  of  the  three  actions  through  the  previous  eval- 
uation matrix  used  by  the  residential  and  commercial  sector  to  filter 
all  actions.  In  assessing  the  three  alternative  actions  as  to  their 
overall  potential  for  maximum  savings  in  the  near  time  period,  the 
following  considerations  are  noted: 

Effective  switching  requires  in  some  cases  substantia!  retro- 
fitting and  subsequent  manpower  requirements; 

Switches  at  strategically  located  places  may  not  be  properly  used 
— especially  if  incentives  are  not  provided. 
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REQUIREMENTS 


FIGURE  G.4-2.  SUB-SYSTEMS  DIAGRAM  FOR  ASSESSING  PROJECTED  USE  PATTERNS 


FIGURE  G.4-3.  SUB-SYSTEMS  DIAGRAM  FOR  IDENTIFYING  INDIVIDUAL  ACTIONS 


Possible  Conservation 
Actions  Related  to 
Reduced  Lighting 


Plan  spaces  so  that 
similar  task  areas 
are  grouped  or  stack- 
ed 


Utilize  effective 
switching  systems 

- manual  switches  at 
properly  located 
pi  aces 

- photocell  switches 
to  integrate  natural 
and  artificial  light- 
ing 

- photocell  to  save 
lighting  in  exterior 
areas,  parking  lots, 
etc. 

- low  voltage  switches 

- time  dock  switches 

- with  manual  override; 

- timed  devices  for 
bathrooms,  corridors 
etc. 

- security  lighting 
with  intruder  detec- 
tor switches 

- motion  detection  . 

switches  to  activate 
lighting  in  stairway:, 
stockrooms,  etc. 

Redesign  buildings 
interior  and  exterior 
to  maximize  sunlight 
penetration  (natural 
lighting) 

Examples  — 

- add  light  reflective 
interior  surfaces  to 


TABLE  G.A-2.  REDUCED  LIGHTING 

CONSERVATION  ACTIONS 

I -Very  Easy,  to 
IV-Very.  Difficuli. 


Potential  Ease  of 

Savings  , Implementation 


Requirements  for 
Action 


Category 
r,  II,  rii,  IV 


Time 

Frame 


Capital 


Material 


Manpower 


Impacts 

of 

Action 


Small 


III 


Near 


Small  to  Small  to  Small  to 
Medi urn  Medi urn  Medi um 


-Impact  on  wiring  systems, 
plumbing  needs,  etc. 

-Relativity  of  costs  of  planning 
and  redesigning 


Medi  um 


II 


Near 

<1985 


Small  to 
Medi um 


Renuires  some  advances  in  tech- 
Small  to  Small  to  nology,  capital  to  implement,  and 
Medium  Medium  time  for  development 


Small  to 
Medi um 


III  to 

IV 


Near  Signi- 
to  Mid  ficant 


capital 
for  re- 


design 


Medium  Medium 
depends  needed 
on  extent  in  re- 
of  re-  design- 

design  ing  re- 

tooling 


Psychological  adjustment  to  dark 
corridors,  etc. 

-changing  of  codes  and  stds. 

-must  consider  time  of  day  and 
year,  size  and  location  of  bldgs, 
and  sky  lights,  ratio  of  inter- 
ior and  perimeter  areas,  position 
shape,  and  color  of  interior 
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Possible  Conservation 
Actions  Related  to 
Reduced  Lighting 

Potential 

Savings 

I-Very  Easy,  to 
IV“Very  Difficuli 

Ease  of 

Implementation 

Time 

Frame 

TABLE. G. 4-2. 
(cont'd) 

Requirements  for 
Action 

Impacts 

of 

Action 

Category 
1,  II,  ni,  IV 

increase  efficiency 
of  natural  lighting 
- add  reflective  win- 
dow sills  • 

1 

1 

partitions,  floors  and  ceilings- 
furnishings. 

-impact  of  change  on  esthetics, 
HVAC,  wiring,  plumbing,  mobility, 
etc. 

Mandate  government 
standards  for  light- 
ing in  all  new  and  ex- 
isting commercial 
structures  - 
(50-30-10  footcandle 
standard) 

2.7  trillion 
BTU's  1974 
saved  in 
government 
buil dings 

Total  50%  or 
.65  quad  for 
all  commercial 
buil dings 

i 

I 

1 

Near 

Term 

! 

estimated 
at  $25-50 
million/ 
y.r.  for 
adm.  and 

compli-  Small  Small 

ance 

costs 

Policy  would  require  legislation 
and/or  regulation 
-reduction  in  sales  by  bulb  and 
lighting  equipment  manufacturers 
-higher  increase  In  crime 
-impact  on  heating  and  cooling 
systems  and  practices 
-impact  on  wiring  industry 

changes  in  manpower,  materials 
capital  requirements i etc. 
-impact  on  utility  load 
load  factor 

-impact  on  v/et  or  dry  heat  of 
light  systems 

Design  fixtures  to  cut 
glare  and  reflections 

Low 

II 

Near 

Small  to  Small  Small 

Medi urn 

-cost  of  redesign 

-cost  of  replacement 

-esthetics  of  redesiqned  fixture 

Posit.ipn  lighting  fix- 
tures for  maximum  use- 
fulness 

- use  perimeter  lumin- 
aires instead  of  con 
tinous  strips 

- place  lighting  fix- 
tures between,  desks 
instead  of  over 

- place  high  intensity 
lights  away  from  a 
task  and  conventiona 
lights  near 

- place  lighting  on 
side  to  reduce 
ceiling  reflection 

Low' 

II 

Near 

Small  Small  Small 

-impacts  on  future  availability 
to  clients 

-impact  on  ceiling  heights, 
building  volume,  and  climate 
control  systems 
-impact  on  cooling  load 
-affect  on  artificial  lighting 
requirements 

-effect  of  more  windows  on  heat 
transmission  and  infiltration 
-demands  on  air  conditioning  due 
to  direct  solar  heat  gains 
-impact  of  glare  controls,  inter- 
ior or  exterior  shade  systems, 
additional  wiring  and/or  con- 
trols, system  to  integrate 
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Possible  Conservation 
Actions  Related  to 
Reduced  Lighting 

Potential 

Savings 

1 

I-Very  Easy,  to 
IV-Very  Difficuli 
Ease  of 

Implementation 

Time 

Frame 

TABLE  .G.4-2. 
(cont'd) 

Requirements  for 
Action 

Impacts 

of 

Action 

Category 
!•,  II,  III,  IV 

Capital  Material  Manpower 

^ 1 

artificial  and  natural  light 
sources. 

Educate  people  on  gen-i 
era!  housekeeping,  use 
of  new  devices,  etc. 

Low  (potential 
great  but  actua 
achievable  may 
be  very  small) 

1 

II 

i . ..... 

Near 

Small  Small  Small 

-manpower  needed  in  education 
■process 

-success  depends  on  ability  to 
motivate  to  save,  and  external 
incentives  such  as  higher 
utility  bills 

’"’Schedule  custodial 
work  during  normal 
working  hours  in  comm- 
ercial buildings 

Low 

II 

Near  ' 

Small  Small  Small 

-hindrance  to  daytime  workers 
-certain  tasks  impossible  during 
day 

Use  year-round  day- 
light savings  time  to 
coordinate  daylight 
and  working  hours 
more  closely 

kow 

II 

Near 

Small  Small  Small 

-questionable  as  to  extent  of 
savings 

-significant  social  change 
-safety  factors  (school  children) 

•Utilize  concept  of  ESI 
(Equivalent  sphere 
illumination  or  glare- 
free-  foot-candle  as  a 
standard  of  measure- 
ment for  lighting  re- 
qui rements 

Small  to  Mid 

I 

Near 

Small  Small  Small 

! 

-code  change 

-retooling  of  architect,  con- 
struction, engineer,  etc. 

Improve  light  output 
by  effective  clean- 
ing of  luminaries, 
and  replacing  de- 
preciated lamps 

Small  . 

I 

Near 

Smal 1 Smal 1 Smal 1 

-maintenance  requirement 

Arrange  lighting  pro- 
grams for  entire 
facilities  to  match 
business  activities 

Small  to  Mid 

I to  II 

Near 

1 

Small  Small  Small 

-cost  of  programming 
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FIRURE  G.4-4 


ALTERNATIVES  FOR  LIGHTING 
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•TABLE  G.4-3.  CONSERVATION  ACTION  EVALUATibN  MATRIX 


(1) 


(2) 


(3) 


§ availability  IMPACTS 


CONSERVATION 

ACTION 


•a: 

•-<  t/1 

I—  to 
as  2S 

tu  •— ) 
I-  a- 

tx  in 


s 

U.  LlJ 

o 

UJ 
txJ  ^ 

<j->  a. 


a. 

< 

O 


ac 

UJ 

o 

o. 

2: 


s 


o 

CL 


o 

s 

o 

2: 

o 

o 

UJ 


I 

2: 

o ^ 
cx< 

J*— 
>•  2S 
Z tiJ 

UU  S 


Reduce  energy  by  mandatory 
government  standards  for 
lightinq  in  the  coniinercial 
sector  (new  and  existing) 


+H 


+H 


+H 


+H 


+H 


+L 


Utilize  effective  switchin  i 
systems  to  reduce  lighting 
requirements  in  the  commer 
cial  sector 


+M 


+L 


+L 


+L 


+M 


+L 


+H 


+M 


+H 


Redesign  building  interior 
and  exterior  to  maximize  ! 
sunlight  penetration  from 
natural  lighting  • I 


+L 


+M 


fL 


+M 


(+)  -positive  or  favorable 
(-)  -negative  or  unfavorable 
H -High 


I CQ 


§ to 
UJ 

UJ 
O u. 


M -Medium 
L -Low 

+H  ^Highly  favorable  (requirements 
available,  positive  impacts) 

COMMENT 


+H 


+M 


-L 


The  action  evaluation  matrix 
serves  as  a means  of  comparing 
the  three  actions.  Action  one 
has  fewer  manpower,  capital,  and 
materials  requirements  in  compar- 
ison with  the  other  two  actions. 
Action  three  would  have  signifi- 
cantly high  requirements  for  imple- 
mentation. Mandating  standards 
could  have  very  unfavor;able  politi- 
cal impacts  in  terms  of  requiring 
standard  and  code  changes  and 
inviting  strong  resistance  from- 
the  lighting  and  fixture  industry. 
There  would  also  be  decided  and 
unpredictable  social  impacts  as 
workers  adjust  to  lower  lighting 
levels.  The  high  overall  feasi- 
bility of  action  one  is  based  on 
high  potential  savings,  ease  of 
implementation,  low  requirements, 
and  relatively  favorable  impacts. 
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Total  savings  from  utilizing  effective  switching  would  not 
eoual  that  of  mandating  the  50-30-10  footcandle  standard. 

The  action  actually  serves  as  one  means  of  accomplishing  this 
standard. 

A redesign  of  building  interior  and  exterior  to  maximize  . 
sunlight  penetration  may  reauire  extensive  changing  of  codes 
and  standards,  significant  impacts  of  natural  sunlight  on 
cooling  loads,  high  materials  requirements  for  redesign, 
considerations  of  glare  controls,  interior  or  exterior  shade 
systems,  additional  wiring,  and  systems  to  integrate  arti- 
ficial and  natural  light  sources. 

A redesign  of  buildings  to  effectively  use  natural  lighting 
would  serve  as  one  means  of  meeting  the  50-30-10  footcandle 
standard.  It  should  be  kept  in  mind,  however,  that  an 
improper  utilization  of  natural  lighting  could  impose  a 
heavy  load  on  HVAC  systems  and  result  in  a greater  energy 
requirement  for  the  building. 

The  following  are  major  points  in  the  analysis  of  the  action  of 
mandating  the  5D-30-1Q  footcandle  standard  for  the  purpose  of  reducing 
liqhting  in  all  new  and  existing  commercial  buildings.  (See  section 
7.5.3) 


The  Federal  Energy  Management  Program,  of  which  "delamping"  or 
reducing  lighting  levels  was  the  major  emphasis,  saved  an  esti- 
mated 2.7  trillion  BTU's  or  $760  million  in  fuel  costs  in  fiscal 
year  1974. 

Total  savings  after  the  establishment  of  mandatory  federal 
standards,  including  federal  monitoring  and  compliance 
mechanisms,  would  save  an  estimated  .65-1.4  quads  per  year 
by  1980  — 90  percent  of  which  would  be  realized  the  first 
year. 

Only  small  capital  requirements  are  required  by  the  commer- 
cial sector  for  implementation.  However,  an  estimated  $25 
to  $50  million  per  year  would  be  spent  at  the  federal,  state, 
and  local  levels  for  compliance  costs.  Manpower  and  material 
requirements  for  the  action  would  be  small. 

The  action  would  result  in  some  reduction  of  sales  by  bulb 
and  lighting  equipment  manufacturers  with  a subsequent  higher 
unemployment  rate  for  these  manufacturers. 

Since  the  action  would  require  federal,  state,  and  local 
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legislation  and/or  regulation,  there  would  be  a need  for 
enforcement  personnel  and  additional  maintenance  people 
to  implement  the  program. 

Major  considerations  that  complicate  enforcement  are:  (1) 

control  of  lighting  varies  widely,  depending  on  such  factors 
as  building  ownership,  management,  and  occupancy,  (2)  some 
new  office  buildings  are  designed  with  only  one  master  breaker 
per  floor  or  less  --  restricting  the  ability  to  turn  off 
lights  in  offices  not  used  and  (3)  many  offices  are  open 
for  work  on  weekends  and  cleaning  at  night. 

Reduced  night-lighting  could  cause  a higher  incidence  of 
crime  and  vandalism  in  some  areas,  resulting  in  increased 
expenditures  for  repair  and  Increased  security  personnel. 

One  distinct  advantage  in  reduced  lighting  would  be  the 
savings  resulting  from  the  subsequent  decreased  energy  con- 
sumption due  to  the  lessened  demand  for  air  conditioning. 

Reduced  lighting  would  have  a significant  effect  on  utility 
load  factors,  especially  in  large  metropolitan  areas-. 

In  any  action,  there  are  unfavorable  impacts  and  requirements 
that  must  be  weighed  against  potential  savings,  time  to  implement 
action,  etc.  This  is  certainly  true  of  the  mandated  50-30-10 
footcandle  standard.  Overall,  however,  this  action  is  extremely  favor- 
able because  it  provides  significant  savings  within  a short  time  frame 
and  with  a minimum  of  requirements  and  negative  impacts.  In  a trade- 
off with  the  other  two  actions  the  mandated  50-30-10  footcandle  standard 
does  not  have  the  substantial  capital,  manpower,  and  material  require- 
ments that  are  necessary  to  redesign  buildings.  Neither  does  it  require 
the  long  lead  period  that  may  be  necessary  to  develop  and/or  incorporate 
the  sophisticated  switching  systems  used  in  the  other  action. 

The  following  section  is  a summary  of  some  background  data  used 
in  evaluating  the  various  actions. 


Present  Situation 


Project  Independence  [PI-74-1]  presents  the  following  data  that  is 
relevant  to  an  assessment  of  the  action: 

Residential  and  commercial  sector  accounts  for  32%  of  all 
energy  consumption  (18.1  quads  in  1972). 
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Space  heating  --  57^ 

Operational  equipment  --  33% 

Lighting  --  10%  (1.8  quads) 

Commercial  consumption  for  lighting  — 73%  or  1.3  quads 
Assumed  achievable  savinas  in  commercial  — 50% 

In  low-rise  buildings  without  elevators,  lighting  can  consume 
60%  of  the  supplied  electrical  power.  In  hot  weather,  lighting  systems 
account  for  one-fourth  to  two- thirds  of  the  cooling  load  in  a typical 
office- building.  The  enormous  amount  of  electricity  consumed  by  light- 
ing fixtures  is  evident  in  the  following  example,  cited  in  the  report 
' of  the  ad  hoc  Committee  on  Energy  in  Large  Buildings  to  the  Inter- 
departmental Fuel  and  Energy  Committee-  of  the  state  of  New  York;  "In 
1970,  the  electrical  utilities  in  this  country  consumed  energy  equiva- 
lent to  8.14  million  barrels  of  oil  daily,  or  enough  to  fill  four  500,000- 
ton  supertankers.  By  1985,  utilities  will  use  the  equivalent  of  23,58 
million  barrels  daily  at  the  present  growth  rates,  or  10  supertankers. 

In  1975,  25  percent  of  this  total  electrical  output  was  used  for  light- 
ing systems.  By  1985,  this  figure  could  grow  to  the  equivalent  of  5.985 
million  barrels  of  petroleum  daily,  or  three  supertankers  every  day 
for  lighting  alone." 


Lighting  Standards  and  Codes 

Lighting  in  the  United  States  is  usually  measured  in  footcandles,  • 
a gross  measure  of  brightness  that  does  not  accurately  indicate  usable 
light  levels.  A person  in  a bright  room  may  still  be  unable  to  perform 
his  or  her  tasks  because  of  surface  reflections  which  effect  a white 
veil  between  the  viewer's  eye  and  the  task.  When  there  is  a complaint 
about  insufficient  lighting  in  a room,  it  often  means  that  reflections 
or  glare  make  work  difficult  and  not  that  the  overall  room  is  too  dark. 

In  the  past,  the  Illuminating  Engineering  Society  (lES)  has  responded 
to  such  complaints  by  raising  recommended  footcandle  levels.  As  a 
result  some  suggested  lighting  levels  have  more  than  doubled  in  the  last 
30  years.  With  lamps  of  equal  efficiencies,  this  has  doubled  energy  con-r 
sumption.  As  shown  in  Table  G.4-4,  present  recommended  lighting  levels 
are  compared  with  those  presented  in  lES's  first  handbook  edition  in 
1947. 


Foreign  lighting  standards  historically  have  been  somewhat  lower 
than  domestic  standards,  although  there  is  a trend  in  most  countries 
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TABLE  n.4-4.  RECOMMENDED  LEVELS  OF  ILLUMINATION,  BY  SELECTED  TASKS  [PI -74] 

(foot  candles} 


Industrial  Safety 
I.E.S.  Lighting  Handbooks Handbook  (British) 


Task 

1947 

1952 

1959 

1966 

1972 

1969 

Conferring,  Reading  High 
Contrast  Material 

30 

10 

30 

30 

30 

20 

Reading  or  Transcribing 
Handwriting,  Good  Con- 
trast 

30 

.. 

70 

70 

70 

General  Office  Work, 
Reading  Good  Reproduc- 
tions 

50 

30 

100 

100 

100 

50 

Bookkeeping 

50 

50 

150 

150 

150 

Drafting 

— 

— 

200 

200 

200 

75 

Corridors,  Stairways 

10 

5 

— 

20 

20. 

10 

Arthur  D.  Little,  Inc. 


G-89 


toward  higher  levels.  For  comparison-.  Table  G.4-4  shows  current  British 
recommendations  for  office  lighting. 

The  lES  recommendations  should  not  be  confused  with  a mandatory 
code,  nor  .do  they  necessarily  indicate  the  present  lighting  levels 
in  buildings.  Nevertheless,  architects  and  engineers  generally  follow 
the  guidelines  set  by  lES. 

,It  appears  that  in  the  United  States  the  lighting  level  selected 
is  the  one  recommended  for  the  most  difficult  expected  task  and  the 
general  illumination  is  then  brought  up  to  that  particular  level.  This 
approach  undoubtedly  has  accounted  for  the  high  lighting  demands  in 
commercial  construction. 

Indications  from  the  design  professions  indicate  that  closer 
scrutiny  is  being  given  to  the  use  of  lES  recommendations  for  energy 
conservation.  It  appears  to  be  more  practical  to  provide  general 
illumination  compatible  with  general  activity,  and  to  supplement  local 
lighting  as  needed.  Whether  this  and  other  energy-oriented  trends  will 
be  promulgated  by  lES  is  a point  of  conjecture;  however,  there  appears 
to  be  a trend  toward  an  overall  lowering  (and  certainly  a plateauing) 
of  lighting  levels  within  new  construction. 


Present  Efficiencies 


Source  (lamp)  efficiency  is  directly  related  to  the  lumens  pro- 
duced per  watt  of  power  input.  The  lumens  per  watt  ratings  of  standard 
artificial  light  sources  are: 


Light  source 

Incandescent 

Mercury 

Flourescent 

Metal  halide 

High-pressure  sodium 


Lumens /watt 
17  to  22 
56  to  63 
67  to  83 
85  to  100 
105  to  130 


Energy  conservation  standards  for  building  lighting  are  being 
written  in  terms  of  installed  power  per  square  foot  of  building  floor 
area.  Modern  office  buildings  typically  install  2.5  to  5 Wg/ft^, 
whereas  the  new  "1974  General  Services  Administration  Public  Service 
Building  Energy  Conservation  Guidelines"  recommends  1 to  2 Wg/ft^ 
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and  the  energy-conserving  Federal  Office  Building  in  Manchester,  Nev/ 
Hampshire,  actually  uses  0.7  Wg/ft^. 

The  efficiency  with  which  light  is  conveyed  to  any  horizontal 
surface,  as  opposed  to  being  absorbed  on  fixtures  and  walls,  can  be 
estimated.  A building  equipped  with  2.5  Wg/ft2  in  the  form  of  40-W 
fluorescent  bulbs  will  emit  197  Im  per  ft^  of  floor  area,  at  least 
double  the  80  to  100  Im/ft^  figure  quoted.  Thus  about  half  of  the 
lumens  don't  find  their  way  down,  either  directly  or  via  reflections. 

Projected  Use  Patterns 


Project  Independence  (Figures  6.4^5  and  0.4^6)  compares 
lighting  requirements  in  residential  and  commercial  sector  with  other 
end  use  demands  through  the  year  1990. 

National  Petroleum  Council  — The  National  Petroleum  Council 
study  projects  that  reducing  lighting  levels  in  the  commercial  sector 
hasa  total  potential  savings  of  .292  quads  in  1978,  but  only  an  assumed 
achievable  of  .096.  In  light  of  recent  programs  conducted  by  the  General 
Services  Administration,  this  figure  appears  to  be  extremely  low.  The 
potential  for  savings  by  reducing  lighting  in  the  commercial  sector 
is  extremely  large  if  the  action  is  mandated. 

Westinghouse  --  The  Energy  Utilization  Project  --  lists  projections 
on  lighting  requirements  through  the  year  2000  in  the  residential 
sector.  In  their  base  case  projections  for  the  commercial  sector, 
lighting  requirements  increase  from  a 1972  level  of  .560  quads  to 
.864  in  1985  and  1.352  quads  in  the  year  2000. 


aUADRILLiON  BTU'S 


AWNUAL  COMPOUND 


NOTE:  ELECTRICITY  MEASURED  AT  POINT-OF-ENTRY 


GROWTH  RATES 


FieURE  G.4-5. 


1970-90  GROWTH  IN  RESIDENTIAL  ENERGY  OEmHD 
BY  END  USE  [PI-74-5,18] 


FIGURE  G.4-6.  1970-90  GROWTH  IN  COMHERCIAL  ENERGY  OEfiAND 
BY  hHO  USE  [PI -74-5,1 9] 
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G.5  RESIDENTIAL/COMMERCIAL  REDUCED  CONSUMPTION  AND  INCREASED  EFFICIENCY  OF 
RESIDENTIAL  HOT  WATER  SYSTEMS 

In  1970,  1.7  quads  or  15%  of  the  residential  energy  consumption  was 
used  for  hot  water  heating.  Under  the  assumption  of  no  major  technological, 
price,  or  governmental  policy  change,  consumption  for  1985  is  projected  to 
be  2.3  quads  [PI-74-1].  It  is  felt  that  these  magnitudes  warrant  actions 
to  reduce  them. 


G.5.1  REDUCE  USE  OF  HOT  WATER 

The  analyses  of  three  significant  actions  are  presented  below  as 
examples.  They  are:  reduce  use  of  hot  water,  reduce  storage  temperature, 

and  increase  storage  insulation.  Determination  of  the  quantitative  values 
are  given  in  Appendix  G.5. 6 through  G.5.1 0. 

A large  quantity  of  heat  energy  is  required  to  raise  the  temperature 
of  water  from  the  pipeline  value  to  the  160°F,  typical  for  hot  water  heaters. 
By  reducing  the  amount  of  hot  water  used,  this  energy  is  saved.  For  each 
gallon  of  reduced  usage  of  hot  water,  approximately  750  BTU’s  are  conserved; 
because  of  present  day  inefficiencies,  this  value  translates  back  to  between 
1500  and  2200  BTU's  of  fuel.  Quantities  of  hot  water  may  be  saved  by  short- 
er duration  showers  or  by  using  water  for  baths  from  the  hot  water  faucet 
only,  until  the  desired  temperature  is  achieved,  and  to  maintain  it.  A 
second  family  member  subsequently  using  the  same  water  or  bathing  small 
children  together  approximately  halves  the  water  and  energy  used. 

By  reducing  the  tub  level  one  inch  (considered  half  hot,  half  cold) 
for  each  family  unit  of  four  taking  an  average  of  two  baths  per  week,  the 
annual  savings  would  be  about  seven  dollars  per  year.  It  is  recognized 
that  for  larger  families  and/or  members  taking  a greater  number  of  baths 
the  saving  will  be  proportionally  greater.  This  savings  and  the  potentials 
for  energy  and  dollars,  projected  to  national  levels  for  1972  and  1985, 
are  given  in  Table  G.5-1. 

Realization  of  the  potentials  given  in  Table  G.5-1  would  require  100% 
participation  of  all  family  units.  The  expected  cooperation  of  the  units 
have  been  studies  [NPC-74]  for  various'  communication  levels  used  by 
the  program.  The  achievable  potentials  (in  percent)  are  presented  in 
Table  G.5. -2.  The  projections  are  also  given  for  actions  discussed  below. 

By  using  cold  water  detergents,  the  energy  used  to  heat  the  water 
is  saved.  For  a family  averaging  three  loads  per  week,  the  savings 
would  be  twelve  dollars  per  year,  compared  to  that  using  the  warm  cycle. 

If  the  hot  cycle  had  been  used,  the  saving  is  doubled.  The  projected 
national  savings,  compared  with  previous  use  of  the  warm  cycle,  is 


TABLE  G.5-1.  FAMILY  AND  NATIONAL  POTENTIAL  SAVINGS  FOR  CONSERVATION  ACTIONS 

IN  RESIDENTIAL  HOT  WATER  SYSTEMS 


Potentials 

Dollars  saved 

National  per 

National  Conser- 

Improved Balance  of 

each  year  by 

annum  Conser- 

vation (10^  bbl/ 

Payments  (if  imported) 

Conservation  Actions 

family  unit 

vation  (Quads) 

da  if  produce  by 

in  billions 

for  Residential  Hot 
Water  Systems 

oil). 

Reduced  tub  water 

1970 

6.00 

.13 

62 

.27 

level  one  inch  or 
equiv.  for  shower 

1985 

.17 

81 

.35 

Use  Cold  Water 
Detergents. 

1970 

92.00 

.29 

138 

.59 

1985 

.38 

174 

.77 

Replace  washer  in 
leaking  hot  water 
faucet  (est.  two 
per  family  unit. 

1970 

5.00 

.08 

20 

.09 

1985 

.10 

26 

.12 

'Reduce  hot  water 

systems  thermostat 
to;  140  F (w/dish- 

1970 

14.00 

.33 

160 

.68 

washer) 

1985 

.43 

210 

.89 

120  F (No/dish’ 

1970 

16.00 

*36 

174 

-75 

washer) 

1985 

.47 

228 

.98 

120  F (dish- 

washer 
set  for 

1970 

22.00 

.51 

247 

1.00 

T40) 

1985 

.67 

323 

1.31 

Enclose  Entire  Hot 
Water  storage  tank 
with  three  inches  of 

1970 

12.00 

.29 

140 

.76 

(taped  on)  insulation  1985 

.38 

183 

.99 

TOTALS  (for  140  F 

1970 

49.00 

1.12 

631 

3.14 

Thermostat,  using 

1985 

1.47 

695 

4.11 

dishwasher  once  a day) 
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TABLE  G.5-2.  EXISTING  RESIDENCES-ACHIEVABLE  (IN  FIVE  YEARS) 
CONSERVATION  POTENTIALS  (PERCENT  PER  YEAR  OF  TOTAL 
POTENTIAL)  [NPC-74] 


CONSERVATION 

ACTION 

COfiMUNI  CATION 
LEVEL 

1 

YEAR 

2 

OF  1 
3 

PROGRAM 
4 ■ 

5 

Reduce  bath 

low 

2 

3 

4 

5 

6 

water  used 

med 

3 

5 

6 

7 

8 

high 

5 

7 

8 

9 

10* 

Use  cold  water 

detergent 

low 

10 

25 

50 

70 

80* 

med 

20 

40 

70 

80 

80 

high 

30 

50 

80 

80 

80 

Set  water  heaters 

low 

4 

8 

12 

16 

24 

thermostats 

med 

7 

14 

,21 

• 28 

35  ■ 

high 

8 

18 

27 

36 

43* 

*Max.  assumed  achievable. 
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also,  given  in  Table  G.5-1.  It  is  felt  that  public  acceptance  of  this 
practice  will  readily  come  via  normal  commercial  advertisements.  Estimates 
are  given  in  Table  6.5-2.  Although  the  dollar  cost  of  cold  water 
detergents  is  comparable  to  the  other  types,  it  could  be  that  the  energy 
cost  (in  their  production)  could,,  on  a.  national  level,  diminish  or  even 
cancel  the  net  energy  savings  (cf.  Section  3.4). 

* Hot  water  faucets  are  usually  the  ones  that  drip.  This  is  true 
for  two  reasons-  1)  the  faucet  seat  contracts  on  cooling  (after  the 
water  is  shut  off);  2)  the  washers  degrade  faster  because  of  the  elevated 
temperature.  A typically  small  leak  (e.g.,  one -half  cup  in  one  hour) 
wastes  200  thousand  BTU's  per  year  at  a cost  of  about  two  and  one-half 
dollars  to  the  family  for  each  leaky  hot  water  faucet.  The  savings  for 
an  estimated  two  per  family  unit,  with  projections,  are  shown  in 
Table  G.5-1'.  The  percents  achievable  for  the  first  five  years  of  a 
national  program  are  given  in  Table  6.5-2,. 

6.5.2  REDUCE  STORAGE  TEMPEW\TURE 

By  reducing*  the  thermostat  setting  on  hot  water  storage  tanks 
from  160°F  (typical  value  set  at  factories)  to  140°F,  energy  is  saved  ' 
by  reducing  the  heat  lost  through  the  tanks'  insulation.  In  dollars 
the  savings  is  approximately  eight  dollars  per  year. 

Less  energy  is  required  to  raise  water  to  140°F  than  160°F.  For 
a dishwasher,  if  used  once  a day,  the  energy  saving  in  dollars  is  about 
six  dollars  per  year.  For  other  uses,  such  as  a bath  or  clothes  wash, 
more  of  the  140°F  water  is  required,  when  mixed  with  the  cold,  to  achieve 
a desired  water  temperature,  so  there  is  no  net  energy  saved. 

If  the  water  is  not  needed  for  a dishwasher,  or  if  the. dishwasher 
has  a booster  set  for  140“F,  the  hot  water  system  thermostat  can  be 
set  for  IZO^F'f*  This  second-  20°  reduction  again  reduces  the  heat  loss 
through  insulation,  and  the  total  family  savings  is  sixteen  dollars 
per  year.  For  families  using  dishwashers  with' boosters  set  at  140°F 
versus  the  originally  160°F  water  coming  straight  from  the  residential 
hot  water  system,  an  additional  six  dollars  (as  discussed  in  the  preceding 
paragraph)  are  saved,  for ‘a  total  of  tv\fenty-two  per  year.  The  dollars 
and  BTU's  savings  for  the  thermostat  settings  are  given  in  Table  G.5-1. 
Achievability  estimates  are  given  in  Table  6.5-2. 


* There  are  two  thermostats  on  electric  hot  water  tanks;  each  is 
accessible  by  removing  plates  secured  by  screws.  The  thermostats  are 
usually  covered- by  insulation  (e.g.,  fiberglass).  To  avoid  exposure 
to  bare  electrical  wires,  push  this  insulation  aside  with  a plastic 
instrument  or  wooden  stick.  ^ 

**  Even  if  the  water  is  used  for  a dishwasher,  which  typically  requires 
about  ! 2 gallons  of  water  straight  from  the  hot  water  tank,  for  tanks  of 
capacity  40  gallons  or  more,  the  lower  thermostat  can  be  set  at  120°F  giving 
about  one-half  the  gain. 
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G.5.3  INCREASE  STORAGE  INSULATION 

Because  of  first  cost  (selling  price)  competition,  only  the  best 
hot  water  heaters  have  as  much  as  two  inches  of  insulation  (e.g,,  as 
fiberglass).  By  adding  to  the  outside  three  inches  of  insulation  (R-11) 
batting,  carefully  taped  on  so  as  to  completely  enclose  the  hotwater 
storage  unit,  there  is  a great- reduction  in  the  heat  loss  through  the 
increased,  total  insulation.  For  tanks  set  at  160°F,  the  energy  savings 
are  almost' two  million  BTU's  per  year.  For  a tank  set  for  140°F,  the 
family's  annual  savings  would  be  twelve  dollars  per  year.  The  summary 
for  this  action  is  also  presented  in  Table  G.5-1.  A fifty  gallon 
tank  has  been  considered  in  each  case;  its  area  is  less  than  30  sq.  ft., 
including  top  and  bottom;  three  inch  insulation  costs  about  four  dollars. 
It  can  be  secured  using  wide  masking  tape. 


6.5.4  IMPACTS 

Lower  hot  water  temperatures  reduce  the  probability  and  seriousness 
of  a child's  being  burned.  Water  temperatures  of  140°F  and  the  bactericidal 
action  of  dish  washer  detergents  are  adequate  for  removal  of  pathogenic 
bacteria  if  the  dishes  are  not  allowed  to  sit  before  rinsing  [Johnson-75]. 
There  has  been  insufficient  study  to  insure  safety  at  lower  temperatures. 

Adding  insulation  to  the  hot  water  tank  is  the  only  action  presented 
which  has  material  requirements.  If  all  the  tanks  in  the  approximated 
70  million  family  units  (1972)  were  insulated  using  30  sq.  ft.  each, 
approximately  2 trillion  sq.  ft.  of  insulation  would  be  required.  If 
this  was  accomplished  over  5 years,  the  0,4  trillion  required  each  year 
would  have  minimal  effect  on  the  supply  now  furnishing  approximately 
10  trillion  sq.  ft.  for  new  houses. 

The  largest  saving  results  from  improved  storage  tank  insulation; 
this  means  the  storage  tank  cools  much  slower,  and  the  system  v/ould 
require  little  power  during  the  daytime.  This  is  reasoned  because 
hot  water  drawn  for  dishwashers  at  night  and  bathing  later  would  be 
reheated  during  the  night.  Thus,  for  electrical  systems,  the  actions 
would  improve  the  utilities  load  factor  while  conserving  energy. 


G.5.5  ASSUMPTIONS 

The  typical  family  unit  is  considered  to  have  a 50  gallon  hot  water  heater; 
from  estimates  of  a 1.5  ft.  diameter  and  a 4 ft.  height,  the  outside  area  was 
calculated  to  be  27  sq.  ft.  Inlet  v/ater  temperature  was  conservatively  taken 
as  70°F;  the  actions  would  effect  greater  savings  for  a lower  value. 
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The  typical  family  size  is  taken  as  having  four  members,  the  1970  re- 
sidential inventory  as  68  million,  the  1985  as  89  million  lPt-7Ci. 

Dollar  savings  were  determined  assuming  an  electrical  hot  water  heater, 
75  percent  efficient,  and  electrical  cost  of  $.03  per  kWh.  The  overall 
efficiency  of  electrical  systems  is  taken  at*33  1/3  percent,  such  that  the 
ratio  of  BTU  fuel  in  to  BTU's  delivered  to  the  consumer  is  3. 

The  heat  value  of  a barrel  of  oil  is  assumed  to  be  5.8  million  BTU's, 
and  if  imported,  the  cost  is  12  dollars  per  barrel  (1972  stat. ).. 


G.5.6  ENERGY  SAVED  BY  REDUCED  WATER  LEVEL  IN  BATH 

For  a tub  4'  x 1.5',  area  = 6 sq.-ft.,  each  2 inches  of  water  depth  is 
one  cubic  foot  or  approximately  8 gallons  of  water.  Thus  a reduction  in 
water  level  of  one  inch  is  equivalent  to  4 gallons  or  approximately  2 gallons 
of  hot  water  (e.g.  lAO^’F  mixed  with  water  from  a 70°  F pipe  line). 


Energy 'saved  = 2 gal . x 8.3  lbs.  X (140  - 70)  x 1 ^ 

gal  lbs. 

= 2 X 581  ^ = 1162  BTU/bath 
bath  gal 

1^62  BTU's  X 4 persons  x 2 baths  x 52  wks.  = 
bath  family  person/wk  year 

0,5  million  BTU's 
year-family 

Dollar  savings  per  family 

0.5  X 10^  BTU/familv  X $.03/kw  Hr.  ' = $6.00/yr. 

3412  BTU/ kw.hr.  .76  (heater  eff.) 

In  1972: 

0.5  Million  BTU's  X 68  million  families  = 34  trillion  BTU's 
yr./fami  ly 

Considering  that  the  overall  electrical  system  to  residence  is  33%  efficient* 

34  X 3 = 130  trillion  BTU's/yr-.  or  0.13  Quads  of  fuel  per  yr. 

.75  (Feater-  eff) 


1q15  BTU/Quad/vr.  = 473,500  bbl's/da/Quad/yr . 

5.8  X 10^3  BTU/ bbl  X 365  das/yr. 

or  .13  X 473,500  = 62  thous  bbl/da. 

* Please  refer  to  assumptions,  G.5.5. 
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Considering  oil  at  $12  per  bbl  (if  imported), 

10^®  BTU's/Ouad/yr.  X $12/ bbl  =2.07  Billion  dollars/Quad/yr. 
5.8  X IQO  BTU‘s/bbl 

or  2.07  X .13  = .27  Billion  dollars/yr. 


G.5.7  ENERGY  SAVED  BY  USING  COLD  WATER  DETERGENTS 

A typical  automatic  clothes  washer  used  approximately  25  gallons  of 
hot  water  on  the  hot  cycle,  12  on  the  warm.  To  be  conservative  the  latter 
is  used,  and  three  loads  per  week  per  family. 

From  the  581  BTU 's/gal.  compared  wfth  the  warm  cycle. 

Energy  saved  = 581  BTU/gal .X  12  gal  X 3 loads  X 52  wks 
.75  htr  eff.  load  wk./ family  yr. 

= 1.45  million  BTU/family 

Dollars  saved  (elec,  supply.) 

1.45  X 10^  BTU  X $.03/kw  hr.  = $12.75/yr. 

3412  BTU/kw  hr. 

National  savings,  BTU's  of  fuel  (based  on  '72  stat.) 

1.45  X 10^  BTU  X 3*  X 68  X 10^  family  units 
= .^X  10^5  BTU  or  .29  Quads. 


The  bbl 's/da  and  balance  of  trade  dollars  given  in  Table  G.5-1  can  be 
readily  determined  using  the  relations  between  them  and  quads  as  developed 
in  Section  G.5.6. 


G.5.8  ENERGY  SAVED  BY  REPLACING  WASHERS 

Typical  small  leak:  one-half  cup  per  hour. 

Energy  saved  = 1/2  cu£  X 8 o^  X 1 X 581  BTU  X 8760  Hrs 

hr.  cup  128  oz/gal  .75  (eff)  gTT  yr. 

= 213  X 103  BTU's/yr.- 

For  two  faucets  per  family 

over  400,000  BTU‘s/yr. 

The  other  data  for  Table  G.5.1  can  be  determined  by  using  the  factors 
developed  earlier. 


* Please  refer  to  assumptions,  G.5.5. 
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G.5.9  REDUCE  THERMOSTAT 

Consider  a 50  gal.  tank  and  thus  approximately  a total  area  of  27 
sq.  ft.,'  also  conservatively  2 inches  insulation  R=7;  first  calculate  the 
heat  loss  for  T = 160°  F,  and  an  ambfent  temperature  of  70°  F, 

Hi  OSS  ==  160  -70  X 27  X 8760  hrs_ 

R=7  yr 

==  3 million  BTU's/yr. 

For  T = 140  F 

Hsav  = 3 X 10^  BTU‘s  ( 1 - 140-70  ) 
yr  160-70 

= 670,000  BTU/yr. 

Since  dishwashers  use  only  hot  water  (approx.  12  gals,  each  day)  the 
20°  reduction  effects  a saving  in  less  energy  to  the  water. 

H saved  per  gal  = 20  F X 8.3  1^.  X 1 BJU 

gal.  Ib-F 

= 1 66  BTU/gal . 

Total  dishwasher  savings  per  year,  one  load  per  day, 

= 166-  BTU/gal  X 12  siL  X 365  Days 
.75  (eff)  da  yr. 

= 970,000  BTU/yr. 

Total  savings: 

670.000  - reduced  loss  through  insul. 

970.000  - reduced  energy  to  water 

1,640,000  BTU/yr. 

Again  the  other  data  in  the  table  are  readily  determined  using  the 
factor  developed  earlier. 
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G.5.10  ADDED  INSULATION  TO  HOT  WATER  STORAGE  TANK 

In  the  preceding  section  it  was  determined  that  the  heat  loss  with 
two  inches  insulation  (R=7)  was  three  million  BTU's  per  year  for  T=160°F; 
T=140  F gives  a 670,000  BTU's  per  year  saving.  Thus  at  T=140°F,  the  loss 
through  the  insulation  is  2,330  thousand  BTU's  per  year. 

By  adding  three  inches  insulation  (taped  on  outside  the  tank's  metal 
cover),  the  total  insulation  gives  R=17.  The  new  heat  loss  is,  for  T = 140°F. 

^loss  " 2,330,000  X 7_ 


= 1 million  BTU/yr. 

Hsaved • c 

2.33  X 10^  - 106  = 1.33  X 10^  BTU 

yr. 

As  calculated  in  earlier  sections,  this  savi^ng  results  in  a twelve 
dollar  reduction  in  the  electrical  utility  bill  (calculated  on  3 cents 
per  kw  hr.). 


APPENDIX  H.  ECASTAR  ENERGY  INPUT-OUTPUT  MODEL 


The  ECASTAR  energy  input-output  model  was  constructed  by  aggregating 
the  input-output  model  published  in  the  1974  issue  of  the  Survey  of  Current 
Business.  The  transactions'  matrix  is  reprinted  in  this  Appendix,  Table  H-1. 

Table  H~2  identifies  how  the  aggregation  was  accomplished.  Transactions’ 
for  electric  utilities,  gas  utilities,  and  water  and  sanitary  services 
were  obtained  from  BLS  Bulletin  #1831. 

Direct  energy  transactions  for  coal,  crude,  refined  petroleum, 
electric  and  gas  were  obtained  from  (CAC-75).  Using  this  data,  BTU's 
per  unit  of  total  output  were  computed  for  all  30  groups.  BTU's  were 
distributed  through  the  transactions'  matrix  by  multiplying  an  industry's 
sales  by  its  BTU  per  dollar  output  ratio.  The  direct  and  total  require- 
ments' matrices  were  computed  in  a similar  manner. 


H-2 


TABLE  H-1  INPUT  - OUTPUT  TRANSACTIONS*  MATRIX 
(in  millions  of  1967  dollars) 
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TABLE  H-2 


ECASTAR  INDUSTRY  GROUP 


COMMERCE  DEPARTMENT  INDUSTRY  NO. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


I, 2,3 ,4 
5,6 

7 

8 

9,10 

II , 12 
13 

14,15 

16,17,18,19 
20,21 ,22,23 
24,25,26 
27,28i29,30 
31 

32,33-,34 

35,36 

37,38 

39,40,41,42 

43 ,44 ,45,46 ,47 ,48 ,49,50 ,51  ,52,53 

54 

55 

56,57,58 

59,60,61 

62,63,64 

65 

66 
68.1 
68.2 
68.3 
69 

70-79 


APPENDIX  I.  NATIONAL  ENERGY  CONSERVATION  DATA 


This  appendix  presents  data  mentioned  in  Chapter  9.  Also,  an  elaboration 
on  some  of  the  National  Energy  Conservation  actions  of  Chapter  9 are  contained 
herein. 


I.l  ACTIONS  1 AND  3 TABLES  AND  FIGURES 

The  Tables  1. 1-1  through  -6  plus  Figure  I.  1-1  refer  back  to  Action  1 
of  Chapter  9.  Tables  1.1-7  through  -10  and  Figure  1.1-2  are  referenced  to 
Action  3. 


The  Petroleum  Industry  Economic  Viewpoint 

Petroleum  industry  projected  capital  requirements  are  expected  to  be 
increased  100-200%  over  the  next  decade  if  needed  exploration  and  development 
activity  is  to  take  place.  Deep  inshore  basins,  Outer  Continental  Shelf, 
the  Artie  and  tertiary  recovery  are  the  areas  of  most  intense  activity,  and 
these  are  high  recovery  cost  areas.  Inflation  is  another  expenditure  de- 
terminant. Financial  capability  of  the  private  sector  is  the  concern.  Re- 
turns of  15-20%  will  be  necessary  to  finance  future  capital  needs,  and 
since  industry  debt -equity  ratios  are  about  30%  since  the  1960‘s,  much  of 
the  capital  must  be  generated  from  within.  The  industry  maintains  with 
some  logic  that  the  high  profits  of  1974  were  not  those  of  a typical  year. 

Early  1975  earnings  reports  suggest  profits  were  down  to  the  14-15%  range. 

The  industry  suggests  that  further  price  regulation  (as  opposed  to  decontrol 
of  prices)  is  a limit  to  financing  needed  resource  development.  Tables  1.1-5 
and  1.1-6  from  a statement  before  the  Senate  Committee  on  Finance  by  William  T. 
Slick,  Jr.  display  the  capital  requirements  projected  and  the  physical  facility 
projections.  These  compare  to  FEA  figures  in  Chapter  9 and  Tables  1.1-3 
and  1.1-4. 


1.2  ACTION  6 — CONVERSION  FROM  OIL  OR  GAS  TO  OTHER  FUELS 

Action  6 provides  mandatory  and  administrative  measures  to  bring  about 
a reduction  in  usage  of  scarce  fuels  through  a policy  of  substitution. 

Because  of  recent  and  anticipated  shortages  of  natural  gas,  a priority  is 
established  to  convert  electric  utilities  and  large  industrial  users  to 
alternate  fuels.  Oil  is  given  a lower  priority  because  supplies  are  currently 
sufficient  (with  imports  included)  but  provisions  are  made  to  bring  about  a 
rapid  conversion  to  coal  or  nuclear  fuels.  Both  nuclear  fuels  and  coal  are 
relatively  abundant  and  are  available  internally  so  that  ultimate  conversion 
to  these  is  seen  as  a means  of  ultimate  energy  independence. 
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FIGURE  I. 1-1.  COMBINED  PRICE  OF  DOMESTIC  OIL  AS 
.STATED  IN  THE  PROPOSAL  FOR  PRICING 


TABLE  I.l-l  . UNITED  STATES  UNCONSTRAINED  REGIONAL  PRODUCTION  POSSIBILITIES  FOR 

CRUDE  OIL,  NATURAL  GAS  LIQUIDS**.  HEAVY  CRUDES,  AND  TAR  SANDS 

(Thouflands  of  barrels  per  day  at  rainliaum  acceptable  prices*)  |"pj_74~2j  IV-3] 

A.  Business-As-Usual  Alternative 


Region 
or  source 

1974 

Sll 

$4 

1977 

1980 

$4 

1985 

$4 

1988 

$M  ■ 

S7 

$7 

~$11 

$4  ‘ 

$7 

Sll 

$7 

Sll 

S7 

Sll 

Prudhoe 

0 

0 

0 

158 

158 

158 

1600 

1600 

1600 

1600 

1600 

1600 

1466 

1466 

1466 

N.  Slope 

0 

0 

0 

0 

0 

0 

0 

434 

434 

0 

900 

900 

0 

863 

863 

1 

201 

201 

201 

158 

190 

190 

120 

243 

243 

59 

468 

468 

38 

719 

719 

2 

792 

792 

792 

674 

732 

758 

590 

635 

796 

493 

527 

970 

449 

471 

929 

2A 

56 

56 

58 

85 

85 

85 

221 

221 

221 

535 

535 

539 

493 

722 

726 

3 

215 

215 

215 

195 

195 

230 

166 

166 

231 

132 

132 

248 

115 

115 

269 

4 

613 

613 

613 

432 

482 

549 

400 

400 

556 

293 

293 

591 

235 

235 

607 

5 

2554 

2554 

2554 

2076 

2131 

2328 

1778 

1816 

2331 

1413 

1437 

2643 

1180 

1196 

2001 

6 

3525 

3525 

3525 

2731 

2958 

2958 

2360 

2759 

2846 

2198 

2832 

3311 

2219 

2852 

3747 

6A 

1311 

1311 

1311 

1367 

1367 

1367 

1564 

1564 

1564 

2056 

2056 

2056 

2292 

2292 

2292 

7 

993 

993 

993 

903 

989 

989 

820 

937 

971 

701 

' 757 

984 

615 

653 

977 

8-10 

213 

213 

213 

214 

235 

239 

207 

255 

266 

189 

246 

330 

175 

223 

•370 

11 

7 

7 

7 

5 

5 

8 

3 

3 

15 

1 

1 

33 

1 

1 

47 

llA 

0 

0 

0 

0 

0 

0 

0 

0 

0 

40 

40 

40 

60 

110 

no 

Tar  sands 

0 

0 

0 

0 

0 

0 

0 

25 

25 

0 

100 

100 

0 

200 

200 

Heavy  Cr.' 

0 

0 

0 

0 

0 

66 

0 

0 

110 

0 

0 

240 

0 

0 

240 

Total 

10482 

10482 

10482 

9048 

9527 

9925 

9829 

11058 

12211 

9715 

11924 

15053 

9338 

12118 

16363 

* Includes  exploration  and  production  costs  at  regional  wellheads  plus  royalty  and  10  percent  DCF 
on  investment  but  exludes  lease  acquisition  costs  and  rentals. 


**  Includes  pentanes  plus  and  JLPG  from  assoclated-dissolved  gas  and  pentanes  plus,  LPG,  and 
condensate  from  non-associated  gas. 
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TARLE  1.1-2 
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SEU-CTKD  FORECASTS  OF  U.S.  CRUDE  OIL  PRODUCTION  [PI-74-2 , 11-16] 
(Million  Barrels  per  Day) 


Source 

1975 

1980 

1985 

1990 

2000 

National  Petroleum  Council  (1972) 

Case  I 

10.2 

13.6 

15.5 

- 

- 

II 

10.2 

12.9 

13.9 

- 

- 

III 

9.8 

11.6 

11.8 

- 

- 

IV 

9.6 

8.9 

10,4 

- 

— 

Standard  Research  Institute  (1972) 

10.5 

11.5 

- 

14.5 

- 

Shell  Oil  Co.  (1974;  crude  oil  and  NGL) 

10.0 

10.6 

11.4 

12,3 

- 

British  Petroleum  (1973) 

10.3 

11,5 

11.5 

- 

- 

M.  King  Hubbert  (1974) 

10.1 

10.1 

9.2 

- 

6,2 

Dept,  of  the  Interior  (1974,  unpublished) 

10.4 

11,9 

14.5 

- 

13.6 

Ford  Foundation  Energy  Policy  Project  (1974)' 
"Historic  Growth" 

High  Imports 

- 

11.2 

11.2 

- 

10.5 

High  Fossil  Fuel 

- 

12.8 

14.4 

- 

19.2 

High  Nuclear 

— 

11.2 

11.2 

- 

10.5 

"Technical  Fix" 

Base  Case 

11,9 

14.9 

Low  Nuclear 

- 

- 

13.7 

- 

15.2 

High  Nuclear 

11.9 

— 

11.9 

M.I.T.  (1974;  crude  oil  and  NGL) 

$ 7.00/bbl 

- 

10,5 

- 

- 

— 

9.00/bbl 

- 

12.6 

- 

- 

-- 

11.00/bbl 

— 

14.8 

— 

- 

— 

National  Academy  of  Engineering  (1974; 

crude  oil  and  NGL) 

— 

12.5 

— 

Atlantic  Richfield  Co.  (1974) 

- 

15.3 

- 

- 

Hendrick  S.  Hauthakker  (1974;  crude  oil  & NGL) 

$ 4.00/bbl 
7.00/bbl 
10.00/bbl 

David  G,  Snow  (1874;'  crude  oil  ahd  NGL) 

10.2 

14.6 

12.1 

15.1 

17.6 

15.5 

TABLE  1.1-3* 


TOTAL  CAPITAL  IHVESIMENT  REQUIRED  FOR  PROJECTED  UMITED  STATES  EXPLORATION  AND 
PRODUCTION  OF  CRUDE  OIL,  NATURAL  GAS  LIQUIDS,  HEAVY  CRUDES,  AND  TAR  SANDS 


[PI-74-2, 


(Millions  of  dollars  at  minimum  acceptable  prices  in  the  year  stated) 


IV-20] 


A.  Business -as -Usual  Alternative 


Region 

1974 

1977 

or  source 

$4 

$7 

fil 

$4 

$7 

$11 

Prudhoe  Bay 

655 

655 

655 

655 

655 

655 

N.  Slope 

0 

0 

0 

0 

0 

378 

1 

26 

48 

48 

26 

78 

78 

2 

31 

167 

195 

31 

31 

242 

2A 

10 

10 

10 

46 

46 

46 

3 

7 

7 

•61 

7 

7 

65 

4 

24 

24 

93 

24 

24 

136 

5 

105 

286 

39a 

105 

105 

449 

6 

79 

284 

284 

79 

320 

325 

6a 

231 

231 

231 

282 

282 

282 

7 

115 

211 

211 

115 

181 

195 

8-10 

13 

40 

43 

13 

45 

49 

11 

0 

0 

1 

0 

0 

9 

llA 

0 

0 

0 

0 

0 

0 

Tor  sands 

0 

0 

0 

0 

2 

2 

Heavy  crude 

0 

0 

0 

0 

0 

163 

Total 

1296 

1963 

2224 

1383 

1776 

3074 

1980 

1985 

1988 

$4 

:^4 

$7 

$11 

$4 

p 

pT 

335 

335 

335 

335 

335 

335 

0 

0 

0 

0 

0 

744 

0 

0 

0 

0 

0 

0 

0 

143 

143 

0 

303 

303 

0 

500 

500 

74 

74 

743 

92 

92 

642 

94 

94 

123 

102 

102 

107 

183 

183 

188 

33 

264 

264 

n 

11 

73 

6 

6 

105 

7 

7 

125 

39 

39 

195 

29 

29 

243 

31 

31 

276 

168 

166 

942 

126 

126 

l4o6 

129 

129 

335 

286 

561 

867 

580 

962 

1677 

610 

617 

1854 

419 

419 

4i9 

630 

630 

630 

662 

662 

662 

103 

103 

24? 

64 

64 

308 

67 

67 

344 

23 

73 

100 

23 

30 

153 

23 

23 

180 

0 

0 

14 

0 

0 

24 

0 

0 

28 

7 

7 

7 

53 

53- 

53 

0 

207 

207 

0 

87 

87 

0 

85 

85 

0 

101 

101 

0 

0 

262 

0 

0 

238 

0 

0 

187 

3567 

-2122 

5285 

2121 

2838 

6390 

1656 

2702 

5186 

TABLE  1.1-4.  MATERIALS  AND  MANPQWER  SUMMARY,  BUSINESS -AS -USUAL,  $11  PER  BARREL  - TOTAL  U.S.  [PI-74,  VI-7] 


1977 

1980 

1985 

1988 

Production  (1000  B/D) 

7971 

10314 

13022 

14285 

Rigs  - onshore 

1675 

1885 

3200 

4400 

- offshore 

266 

429 

631 

789 

Platforms  - fixed 

100 

159 

228 

279 

- mobile 

188 

376 

428 

522 

Tubular  goods  (1000  tons) 

1111.6 

1395,8 

1562.3 

1725.2 

Total  steel  (1000  tons) 

3,420.3 

4042.1 

4003.2 

4374.1 

Seismic  crew  months 

3299 

4069 

5453 

6379 

Rigmen-on  shore 

37570 

42226 

73396 

102276 

-offshore 

25700 

40500 

58300 

71300 
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TABLE  I 1-5.  CAPITAL  EXPENDITURE  PROJECTIONS  FOR  DOMESTIC  ENERGY 

INDUSTRIES,  1975-85  [Slick-75] 

(Billions  of  1974  Dollars  Per  Year) 


Petrol eum 
Industry  Only 

Total  Energy 
Excluding 
Electric 
Uti  1 i ti  es 

Total  Energy 
Including 
El ectri c 
Utilities 

FEA  Project  Independence, 
November  1974 

22^1) 

25 

50 

First  Chicago  Corporation, 
Hay  1975 

21 

24 

49 

First  National  City  Bank, 
September  1974 

31 

46 

84 

Sun  Oil  Company,  March- 1975 

27 

N.A. 

N.A. 

Exxon  USA,  December  1974 

20 

24 

-46 

(1)  Excludes  Marketing  & 
Chemical  Expenditures 


TABLE  I.  1-6.  PROJECTED  CAPITAL  EXPENDITURE PHYSICAL  FACILITY  REQUIREMENTS 

U.S.  ENERGY  INDUSTRIES  H),  1975-85  [Slick-75] 


Cumulative 


Capital  Required 
1975-85  Inclusive 
Billion  1974  $ 

New  Facilities  Required 

Conventional  Oil 

195 

300.000  wells,  850  offshore  platforms, 
38-150  MB/D  Equivalent  Refineries, 

90.000  Miles  of  New  Pipelines 

Syntheti cs 

16 

10-50  MB/D  Equivalent  Shale  Oil  Plants, 
11,250  MMCFPD  Equivalent  Coal  Gas  Plants 

Coal 

21 

145-5  MM  Ton/Year  Hines 
1,100  - 100  Car  Unit  Trains 

Uranium  Mining  & Processing 

12 

35  - 2 MM  Ton/Year  Equivalent  Mines  & 
Enrichment  Facilities 

Total 

$ 244 

(l)Excludes  Petroleum  Marketing  & Chemicals  & Electric  Utilities 
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TABLE  1. 1-7-  SCENARIO  SUMMARIES*  [PMV-74,  66] 


PERCENT 
IN  N 

GAIN 

(PG 

Scenario 

1980; 

1985 

FUEL  ECONOMY  IMPROVEMENTS 

Baseline 

0 

0 

No  improvements  in  fuel  economy 
relative  to  1974  vehicles. 

Minimum  changes  to  meet  statuatory 
emission  standards. 

A Modest 

Improvements 

j 

28% 

17.9  mpg 

27% 

17.8  mpg 

Optimized  conventional  engines, 
radial  tires,  slight  weight  and 
aerodynamic  drag  reductions  (in 
line  with  announced  industry  goals) . 
No  improvements  after  1978. 

B Gradual 
Improvement 
Thru  1980' s 

1 

33% 

18.6  mpg 

52% 

21,3  mpg 

! 

Steady  technological  improvement 
through  the  1980’ s;  Weight 
reduction  through  materials  sub- 
stitution and  minor  redesign  dur- 
ing the  1970' s;  further  changes 
(unitized  body)  in  the  1980' s-. 

Some  aerodynamic  drag  reduction 
and  substantial  transmission 
improvements  fully  accomplished  by 
1984.  Diesel  engines  phased  in 
for  larger  cars  from  1981  to  1989 
plus  some  stratified  charge 
engines  for  smaller  cars.  No 
performance  degradation. 

C Maximum 
Improvement 
by  1980 

43% 

?0.0  mpg 

44% 

20.2  mp( 

Maximum  rate  of  improvement  through 
1980  with  little  further  gain  dur-  . 

1 ing  the  1980’ s.  Rapid  weight 
reduction,  aerodynamic  drag  re- 
duction, and  transmission  improve- 
ments. Displacement  reduction  of 
optimized  conventional  engines, 
but  no  diesel  or  stratified 
charge  engines. 

D Scenario  B 
Plus  Shift 
to  Smaller 
Cars 

63% 

22.8  mpg 

1 

84% 

25.8  mpg 

Same  as  B with  1980  sales  mix 
assumed  at  lo  percent  large  cars., 
25  percent  intermediates,  25 
percent  compact,  and  40  percent 
subcompact , 

* The  base  year  for  comparison  is  1974.  That  year,  according  to 
[PMV-74-31],  the  production-weighted  average  fuel  ^economy  of  the 
three  sizes  of  cars  — small,  mid-size,  and  large  — was  14,0  mpg 
on  the  EPA  composite  driving  cycle.  The  breakdown  by  class  is: 
small  — 22,3  mpg;  mid-size  — 13,1  mpg;  large  — 10.7  mpg. 
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TABLE  IJ-8  . estimated  1980  IMPACTS  OF  FUEL  ECONOMY 


IMPROVEMENTS  UNDER  SCENARIO  C 
CDOLLARS/CAR) 


% Gain 
in  MPG 

Increas  e 
in  Initial 
Price 

PV  of 

Maintenance 

Savings 

SUBCOMPACT 

24.4 

242 

335 

213 

306 

COMPACT 

42.6 

249 

688 

308 

747 

INTERMEDIATE 

42.6 

249 

937 

308 

966 

STANDARD 

61.0 

296 

1,397 

389 

1,490 

LUXURY 

61.0 

296 

1,465 

389 

1,558 

PV  = Present  value  calculated  with  a 10%  discount  rate,  gasoline 
price  of  S5<f  per  gallon,  and  a ten  year  period.  A 20  percent 
discount  rate  would  lower  the  present  value  of  fuel  savings 
by  24  percent. 


TABLE  1.1-9.  NET  PRESENT  VALUE  SAVINGS  FROM  THE  PURCHASE 
OF  FUEL  EFFICIENT  VEHICLES(l) 

(DOLLARS/CAR) 


SCENARIO 

CAR  SIZE 

A 

B 

b(2) 

C 

CC3) 

SUB COMPACT 

330 

374 

513 

306 

COMPACT 

612 

685 

873- 

747 

INTERMEDIATE 

868 

911 

1,510 

996 

1,117 

STANDARD 

1,103 

1,217 

1,824 

1,490 

1,504 

LUXURY 

1,151 

1,276 

1,900 

1,558 

1,543 

^Computations  follow  the  outline  of  Table  j -|_0  above 
2 

Post  1980  vehicles  with  diesel  engines  and/or  other  improvements, 
3 

1982  vehicles  under  Scenario  C. 
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FIGURE  1.1-2.  1975-1985  TECHMOLOGICAL  POTENTIAL  FOR  FUEL  ECONOMY  [PMV-74,  35] 


TABLE  I. 1-10, 


SAVINGS  ON  ANNUAL  OIL  IMPORT  COSTS  AT  $ll/bbl 
(billions  of  dollars)  [PMV-74-71] 


YEAR 

SCENARIO 

Baseline 

A 

B 

C 

D 

1975 

0 

0.4 

0.4 

0.6 

0.6 

1980 

0 

3.3 

4.0 

5.0 

6.0 

1985 

0 

6.3 

8.5 

8.9 

12.0 

1990 

0 

7.5 

12.2 

10.9 

16.1 

The  major  features  of  Action  6 to  be  reviewed  are: 

A directive  to  convert  all  multi -fuel  central  power  plants 
using  gas  to  oil  or  coal. 

An  order  to  utilize  only  coal  in  all  plants  with  appropriate 
facilities  to  burn  coal. 

A provision  empowering  the  FEA  administrator  to  order  oil 
or  gas-fired  power  plants  or  industrial  boilers  to  retrofit 
facilities  to  burn  coal  should  the  administrator  Judge  such 
a conversion  in  the  public  interest. 

Exceptions  would  be  made  wherever  alternate  fuels  are  not  available,  where 
service  interruptions  would  be  requi-redjor  where  conversion  is  not 
deemed  in  the  public  good. 

In  order  to  demonstrate  the  effects  of  the  action  it  has  been 
decided  to  consider  four  possible  cases: 

Extension  of  FEA  authority  to  order  conversion  of  oil  and 
gas -fired  units  to  coal  is  denied.  Plants  on  line  continue 
to  burn  current  fuel  mix. 

FEA  orders  sufficient  conversion  to  meet  natural  gas  shortfall. 
All  plants  with  coal  facilities  are  ordered  to  burn  coal. 
[Power-75  33] 

FEA  orders  all  gas  burning  plants  to  burn  alternate  fuels. 

Any  down- rated  capacity  is  assumed  to  be  supplemented  with 
oil-fired  combustion  turbines.  All  plants  with  facilities 
to  burn  coal  are  converted  to  coal. 

FEA  orders  all  gas  burning  plants  to  burn  alternate  fuels. 

Any  down-rated  capacity  is  supplemented  with  oil-fired 
combustion  turbines.  All  plants  with  facilities  to  burn 
coal  are  converted  to  coal.  Fifty  percent  of  all  remaining 
oil-fired  plants  are  converted  or  replaced  by  coal -fired 
units. 

The  selection  of  50%  retrofitting  is  somewhat  arbitrary  but  is 
Justified  on  the  basis  that  not  all  plants  are  judged  convertible. 

Combustion  turbines,  plants  without  rail  or  barge  access,  or  plants 
without  sufficient  land  for  coal  storage  would  be  excluded.  Moreover, 
many  of  the  aged  plants  cannot  feasibly  convert  either  on  the  basis 
of  economic  considerations  or  from  consideration  of  the  energy  investment. 

Direct  fuel  requirements  for  the  four  actions  are  shown  in  Table  I»2-l. 
The  magnitude  of  the  natural  gas  shortfall  was  1.1  trillion  cubic  feet 
per  year  in  1973.  [H.R,  7014  Hearings-75,11 07J.  Since  more  recentdata 

has  not  been  available,  this  value  is  used  for  the  initial  conversion. 

In  the  case  of  conversion  to  end  the  shortfall  and  conversion  of  the 
FEA  designated  convertible  plants,  it  may  be  noted  that  oil  requirements 
also  drop  21.2  x 10°  bbl/year.  Assuming  a price  of  $ll/bbl,  the  dtrect 


TABLE  1,2-1.  DIRECT  IflPACTS  OF  ACTION' 6 ON  FUEL  MIX 


1974 

Consumption 

Conversions  to 
end  natural  gas 
shortfall . 
Mandatory  coal 
use. 

All  -natural 
gas  plants 
converted. 
Mandatory  coal 
use 

All  natural  ga; 
olants  convert! 
Mandatory  coal 
use.  Half  of 
discretionary 
plants  convert! 

on,  bbl/year 

527.1x10^ 

505.9x10®  . 

947 „ 7x10® 

473.8x10® 

Gas,  mmcf/year 

3.4x10^ 

2.3x10® 

None 

None 

Coal , tons/year 

389.3x10^ 

427.31x10®  , 

427.3,1x10®  '■ 

503.8x10® 

TABLE  1,2-2.  COAL  AVAILABILITY  FOR  POWER  PLANT  USAGE  rMurphy-75] 

(millions  of  tons/year) 

1974 

■ 1977 
(expected) 

1977 

(optimisti 

Total  Coal  Production 

601 

685 

7,35 

Coal  Availability  for  Power  Plants 

389 

431..6 

463 

Action  a- 

Power  Plant  Fuel  Requirements 

for  existing  plus  hev/  coal  'burning 

units 

389 

429 

429 

Action  b dr  Action  c 
Power  Plant  Fuel  'Requirements  for 
existing  and'FEA  designated  convertible 
plants 

467. 

467 

Acti on  d 

Power  Plant  Fuel  Requirements 
for. Coal  units  including  all  • 
FEA  designated  plants  "and ’-SO^ 
of  oil  burning  plants 

581 

’ 581 
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savings  in  annual  cash  outflow  is  $233.2  million.  The  corresponding 
increase  in  coal  requirements  is  38  x 10^  tons.  It  is  not  altogether 
clear  when  such  quantities  of  fuel  will  be  available.  Both  power  plant' 
construction  and  mine  development  require  significant  lead  times;  thus, 
future  coal  requirements  and  availability  may  be  projected  up  to  at 
least  three  years  with  a relatively  high  degree  of  accuracy.  The 
scheduled  start-ups  of  new  fossil  fuel -ft red  plants  [EW-75,58]  and  openings 
of  new  mines  [Murphy-75]  show  no  expected  surplus  of  coal  by  1977 
(v^fer  to  Table  1.2-2).  However,  aggressive  mine  development  could  produce 
an  additional  31.4  x 10°  tons/year  by  that  date.  While  this  is  not 
enough  additional  fuel  to  allovf  conversion  of  all  FEA  coal  designated 
plants,  it  does  allow  for  significant  conversion.  The  differential  coal 
requirements  could  be  made  up  through  imports.  While  the  prospect  of 
coal  importation  has  not  been  seriously  considered,  it  does  offer 
several  notable  advantages.  Low  sulfur,  high  BTU  coal  is  available 
in  limited  quantities  from  Australia,  Poland  and  South  Africa  at  a 
price  below  the  equivalent  cost  of  imported  oil.  The  use  of  coal  from 
these  areas  would: 

Diversify  fuel  supply  and  reduce  dependence  on  Arab  oil. 

This  would  lessen  the  impact  of  any  future  embargo. 

The  expanded  coal  market  (beyond  U,  S.  production)  should 
stimulate  coal  development  in  the  country.  Mine  development 
can  only  be  encouraged  by  an  enlarged  market. 

The  pro-western  governments  of  Australia  and  South  Africa 
would  benefit. 

Substitution  disrupts  the  oil  cartel  and  encourages  competition 
in  world  oil  prices. 

U.  S.  balance  of  payments  would  be  eased  by  using  coal  rather 
than  oil . 

Using  a value  of  $ll/bbl  for  oil  as  compared  to  $26/ton  for  coal, 
it  is  found  that  conversion  of  the  FEA  designated  plants  to  coal  would 
reduce  annual  fuel  costs  from  $1.77  billion  to  $.988  billion.  This  is 
an  annual  improvement  in  the  balance  of  payments  of  $.783  billion,  even 
if  all  coal  is  imported.  Conversion  costs  are  estimated  at  $11.9  billion 
under  present  state  environmental  implementation  plans  but  would  drop  to 
$0.6  billion  (1980  dollars)  if  standards  were  relaxed  to  the  primary  and 
secondary  federal  ambient  standards.  [Allen-75]  It  is  apparent  that  the 
economic  feasibility  of  such  a conversion  is  directly  related  to  the 
environmental  standards.  Many  of  the- util ities  and  coal  producers  advocate 
a review  of  environmental  standards  with  a trade-off  between  the  national 
needs  of  environmental  conditions  and  energy  needs. 


Retrofitting  of  boilers  to  utilize  coal  in  plants  not  designed  for 
coal  has  previously  been  proposed.  The  costs  of  such  a retrofit  program 
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has  been  estimated  at  $26  billion  (1980  dollars)  exclusive  of  capital 
required  to  meet  air  pollution  control  requirements  or  of  capital  outlays 
by  supporting  railraod,  etc.  [Allen-75]  As  noted  from  Table  1.2-2,  suf- 
ficient coal  supplies  are  simply  not  available  to  accomplish  such  a conver- 
sion prior  to  1978.  It  is  clear  that  any  retrofit  program  will  be  hamper- 
ed by  the  rate  at  which  additional  mines  can  be  developed  and  should  be 
delayed  until  coal  production  surpluses  can  be  attained.  Note  that  the 
cost  of  retrofit  is  of  the  same  order  of  magnitude  as  the  cost  of  the  coal 
gasification  programs  in  Appendix  D.  Both  programs  provide  about  3 quads  of 
additional  pipeline  gas  and  both  cost  on  the  order  of  $30  billion.  How- 
ever, gasification  plants  would  be  new  facilities  with  a 40  year  lifetime, 
whereas' retrofitting  of  old  natural  gas  plants  would  provide  significantly 
shorter  service. 

An  additional  area  of  concern  is  conversion  to  coal  in  transportation. 
Rail  facilities,  particularly  in  the  Northeast,  have  deteriorated  over 
the  past  several  years  and  will  require  ungrading.  Today  there  is  both  a 
shortage  of  hopper  cars  and  coal  barges  such  that  significant  problems  may 
occur  in  transport.  The  problem  will  be  accentuated  by  development  of  the 
low  sulfur  coal  areas  of  the  Northern  Great  Plains.  While  rail  lines  are 
generally  in  good  repair  in  this  region,  the  distance  to  major  population 
areas  is. enormous.  Barge  transport  is  generally  much  cheaper  than  rail, 
but  no  waterways  of  sufficient  depth  are  found  in  the  area.  Generally, 
it  is  recognized  that  rail  transport  will  be  required  at  least  to  the 
Mississippi  River.  From  there,  coal  may  move  east  either  up  the  Ohio 
River  or  dov/n  through  the  Gulf.  Transportation  by  rail  provides  a signi- 
ficant side  benefit  of  providing  substantial  revenues  to  rail  systems'.  In 
fact,  coal  transport  constitutes  the  railroads'  single  most  important  com- 
modity class.  Thus,  conversion  to  coal  serves  to  stabilize  rail  revenues. 

In  conclusion,  it  is  noted  that  conversion  of  the  FEA  designated 
plants  can  be  accomplished  by  1977,  given  an  aggressive  coal  development 
program.  Moreover,  conversion  of  1.1  quads  of  gas-fired  .plants  would 
serve  to  alleviate  the  current  shortfall  of  natural  gas  for  residential , 
commercial  and  other  industrial  users. 


APPENDIX  J.  ELECTRIFICATION 


J.l  INTRODUCTION 

.This  aDoendix  will  contain  most  of  the  tables  and  figures  supporting 
the  discussion  in  Chapter  10.  Impacts  will  also  be  discussed  here. 


J.2  ENERGY  INDUSTRY  ACTIONS 


d.2.1  INCREASE  POWER  GENERATION  FROM  COAL 

Project  Independence  [PI-74]  has  adequately  discussed  the  requirements 
and  impacts  of  an  expansion  of  coal  production.  Chapter  9 of  ECASTAR 
disucsses  some  of  the  indirect  coal  requirements  v/hich  are  entailed  by 
an  expansion  of  coal  oroduction  and  substitution  of  coal  for  oil  and  gas. 
These  indirect  requirements  are  large  and  divert  coal  away  from  net  sales 
as  energy  to  sales  Tor  production  reouirements,  e.g.  steel.  Thus,  indirect 
requirements  must  be  estimated  carefully  in  planning  the  rate  of  expansion 
of  the  coal  supply  in  the  critical  near-term. 


J.2. 2 INCREASE  THE  USE  OF  NUCLEAR  POWER 

The  nuclear  picture  is  almost  entirely  in  the  future.  Therefore  most 
of  what  can  be  said  depends  on  scenarios  of  financial  health,  safety  and 
reliability,  and  public  acceptance.  The  only  major  actors  in  the  nuclear 
picture  are  Light  Water  Reactors  (and  a few  HTGR)  and  the  Liquid  Metal 
Fast  Breeders.  The  breeder  is  definitely  not. a commercial  item  in  the 
near  or  mid-term.  No  major  new  design  concepts  are  being  pursued  in 
non-breeder  reactors. 

Two  scenarios  are  presented  in  Figure  J.2. 2-1,  the  Westinghouse  base 
case  rWHST-75],  and  the  projected'  growth  rate  according. to  the  number  of 
reactors  planned  by  the  nuclear  industry.  The  latter  includes  reactors  in 
operation,  under  construction,  and  those  ordered  but  in  the  planninn  stage 
[flEI-75].  It  is  based  on  Figure  J.2. 2-2,  which  shows  the  number  of 
reactors  and  the  total  gigawatt  (rounded-off  numbers)  to  be  added  per  year. 
Note  that  in  1985  about  190  GWe  are  projected  v/hile  the  Westinghouse  scenaric 
predicts  206  GWe. 

. The  Westinghouse  scenario  foresees  a reversal  in  the  downward  trend  of 
reactor  additions,  contrary  to  the  indications  of  the  number  of  reactors 
planned  by  1985.  In  assessing  requirements,  the  nuclear  forecast  accord- 
ing to  actual  reactor  orders  will  be  used  (Figure  J.2. 2-2). 


FIGURE  J. 2.2-2  NUCLEAR  REACTORS  PLANNED  PER  YEAR  [NEI-75] 


NUMBER  OF  REACTORS  ADDED 


TOTAL  GIGAWATTS  ELECTRICAL 
CAPPROX.  VALUES) 


FIGURE  J.2.2-1  FORECAST  OF  NUCLEAR  POWER  GROWTH 


GIGAWATTS  ELECTRICAL 


220 
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A total  of  158  reactors  (151  LWRs  and  7 HTGRs)  are  projected  to  be 
installed  between  1975  and  1985.  Although  some  of  the  reactors  will  be 
part  of  a two  or  three  plant  units,  the  calculations  will  be  based  on 
sinale  pov/er  units  of  1 GWe  (an  average  value;  beyond  1979  most  of  the 
reactors  are  between  the  1.1  and  1.3  GWe  range).  Including  the  present 
capacity,  a total  of  about  190  reactors  will  be  operating  by  1985. 

Some  of  the  most  important  requirements  for  the  mining  and  milling 
operations  are  given  in  Table  J.2.2-1.  The  requirements  are  based  on 
the  open  pit  mines  and  mills  equivalent  to  the  Anaconda  Co.  operations  in 
Grants,  New  Mexico. 

Unit  requirements  for  other  nuclear  processino  facilities  are 
presented  in  Table  J.2.2-2. 

U3O0  requirements  are  oiven  in  Table  J.2.2-3.  The  results  are  based 
on  Table  U. 2. 2-4. 


At  a rate  of  360,400  lbs  U3O8  per  year  per  GWe,  the  U30g  requirements 
by  1985  will  be  of  the  order  of  30  thousand  tons/year.  The  cumulative 
reouirements  by  1985  are  about  936  replacement  reactor  core  loadings, 
corresponding  to  about  153  thousand  tons  of  U3O3.  Cumulative  initial 
core  loadings  to  1985  amount  to  about  62  thousand  tons.  These  represent 
a total  cumulative  U3O3  requirement  of  about  215  thousand  tons.  This 
amount  is  within  the  United  States  proven  reserves,  Figure  J.2.2-3. 

There  have  been  some  reductions  in  the  quantities  shown  in  this  figure 
[HOGERTON-75] ; however,  they  still  satisfy  UgOg  needs  to  1985. 

Thorium  needs  are  presented  in  Table  J.2.2-5.  Considering  the 
large  availability  of  thorium  and  the  number  of  HTGRs  (6  GWe  total) 
expected  to  be  in  operation  by  1985,  the  HTGRs  fuel  requirements  can  be 
met. 


The  required  conversion  capacity  (UoOg  UF5)  at  138.6  metric  tons  of 
uranium  per  year  per  GWe  will  be  about  26,000  metric  tons/year.  Three 
conversion  plants  are  currently  operating  in  the  United  States.  These 
are  Kerr-McGee's  4500  ton/year  plant  at  Sequoyah,  Oklahoma;  Allied 
Chemical's  12500  ton/year  plant  near  Metropolis,  Illinois;  and  ERDA's 
(NRC)  "8000  ton/year  plant  at  Fernhold,  Ohio.  Kerr-McGee  plans  to  increase 
its  capacity  to  9000  ton/year  by  1977.  The  29,500  metric  ton/year  total 
capacity  identified  above  is  sufficient  to  meet  annual  conversion  demands 
in  the  year  1985. 

Table  J.2.2-6  presents  the  seoarative  work  requirement  for  uranium 
fuel  enrichment  calculated  from  Table  J.2.2-7.  Replacement  loadings  per 
year  in  1985  are  projected  to  be  about  23  million  SWUs.  From  Figure 
J.2.2-4,  it  can  be  see'n  that  with' the  improved  pi  ants,  afany  of  the 
tails  assays  indicated,  the  requirements  can  be  met. 
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TABLE  J.2.2-1.  MINING  AND  FRILLING  REQUIREMENT  (1.985}* 


Number  of  Mines  (1500  tons  U^Og/mine)**  20 

UgOg  (tons/year)  (163  tons/GWe/year)  30,143 

Rubber  and  Steel  for  Mining 
Equipment  and  Trucks: 

Rubber  (tons)  2750 

Steel  (tons)  3000 

Engineering  and  Supervisory 

Manpower  (persons/operating  day): 

Mines  343 

Hills  285 

Other  Manpower  (per  operating  day) 

Hines  6500 

Hills  5415 

Total  Manpower  (per  operating  day) 

Hines  6843 

Hills  5700 

Concrete  (yd^)  7500 

Total  Steel  (tons)  32,500 

Water  Used  in  Hilling  (gallong/day)  3.75x10^ 

Capital  Outlay  (dollars) 

Steel  456 ,000 

Concrete  80,520 

Cumulative  Capital  Outlay 

in  5-year  Periods  for  Mining  and 

Hilling  Facilities  (Million  dollars)  220 

Energy  Consumed  (mining,  milling  and 
transportation  of  ore  from  mine  to 

mill)  (kWh)  21x10^ 

Capital  {-investment  in  mill,  equipment 

and  land)  (Million  dollars)  450 


* Based  on  [HE6ASTAR-75]  Appendix  B-3 

**  Open  pit  mines  and  mills  equivalent  to  the  Anaconda  Co.  operations 
in  Grants,  New  Mexico 


TABLE  a. 2.2-2.  UNITS  REOUIREMENTS  FOR  NUCLEAR  FACILITIES  [MEGASTAR-74] 


Plant 


Requi  rements  (Capacity) 


UsOg 

Gas 

Fuel 

Fuel 

Conversion 

Diffusion 

Fabrication 

Reprocessing 

Construction  Designers 

(9000  tonnes/yr) 

(8. 75x1 06  SWU/yr) 

(1200  tonnes  U02/yr) 

(1500  tonnes/yr) 

(10^  man-hrs) 
Craftsmen 

1 

?* 

1 

Comparable 

to 

(10°  nab-grs) 

2 

24 

2 

Power  Plant 

Leadtime  (years) 

4 

6 

9 

Steel  (tons) 

_* 

7x10^ 

- 

6x10^ 

Concrete  (yd^) 

- 

3x10^ 

- 

6x1 

Land  (acres) 

80 

400 

100 

1000' 

Operating  Personnel 

50 

900 

1200 

350 

Power 

- 

- 

- 

H2O  (gpd) 

- 

2x1 

- 

- 

Capital  ($million) 

37 

50 

270 

* (-  means'' prbFabTy'r¥  ? means  may  be  important  but  not  yet  available) 

**  Based  on  cost 


enrichment  plan  in  Alabama 
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TABLE  0 -2.2-3.  UO3  REQUIREMENTS  TO  1985^ 

Feed  Required  (lO^Kgs  U3O8) 

Initial  Coras^  22,455  38,747 

Replacement  Loadings /year*^  10,134  19,940 


a)  Based  on  Table  J.2.2-4.  HTGR's  not  included. 

b)  It  was  assumed  2 PWRs  to  1 BWR 

c)  Based  on  151  LWRs  of  1 GWe 

d)  Based  on  184  LWRs  of  1 GWe 


TABLE  J.2.2-4.  CALCULATION  OF  UoOs  YELLOWCAKE  AND  REQUIRED  ANNUALLY  FOR  A 
MODEL  LIGHT  WATER  REACTOR  CCAC-137P-7Ci 


Assume:  Plant  size  = 1000  HWe  _ - 

Enrichment  tails  assay  =0.20  percent 
Load  factor  = ,75 


Feed  Required  (its  U^Og) 

BWR 

PWR 

Initial  core 

988,000 

844,000 

Replacement  loadings 

288,000 

308,000 

10  year  average 

358,000 

361,600 

30  year  average 

311,333 

325,667 

[Assume:  S tWfv's  to  1 B'WR] 


10  year  average 
30  year  average 


360, Loo 
321,022 


Feed  Required  (kgs 


LWR 


10  year  average 
30  year  average 


163,447 

145,588 


Feed  Required  (kgs  U) 


IWS 


10  year  average 
30  year  average 


138,600 

123,456 


THOUSANDS  OF  SHORT  TONS,  U3O3 


U.  S.  URANIUM  RESOURCE  STATUS  AT  DIFFERENT 
FORWARD  COSTS  [HOGERTON-75? 


2600  ]— 


2400 


2200 


2000 


1800 


1600 


1400  h- 


1200 


1000 


800 


600 


400 


200 


< $30/LB, 
^ $15/LB. 

< $10/ LB. 

< $8/LB. 


PRODUCER  & 
USER  INVENTORY 


COMMITTED 


RESERVES  & 

"ESTIMATED  ADDITIONAL'^ 


RESOURCES 


<$30/LB. 


<$15/LB. 


< $10/LB. 


RESERVES  ^ $8/LB. 


-200 


PRODUCED 
1948  TO 
1/1/74 


*AS  OF  JANUARY  1, 1974 


FIGURE  J.e.2-3 


TABLE  J.2.2-5.  THORIUM  REQUIREMENTS  PER  YEAR  FOR  A 1 GWe  PLANT  (Metric  Tons) 


Mining  Requirements 

16 

Fuel  Fabrication  Loads 

12 

Fuel  Reprocessing 

3 

TABLE  J.2.2-6.  SEPARATIVE  WORK  REQUIREMENTS^ 


Separative  Work  (10^  Kg  SWU) 

BWR^ 

PWR*^ 

Initial  Cores^^ 

11,950 

22,422 

Replacement  loadings/year*^ 

7,341 

15,555 

(10  year  average) 


a)  Eased  on  Table  J.2.2-7.  HTGR's  not  included. 

b)  It  was  assumed  2 PWRs  to  1 BWR 

c)  Based  on  151  LWRs  of  1 GWe 

d)  Based  on  184  LWRs  of  1 GWe 


TABLE  0.2. 2-7.  CALCULATION  OF  SEPARATIVE  WORK  REQUIRED  ANNUALLY  FOR  A MODEL 
LIGHT  WATER  REACTOR  ECAC-137P-74] 

AsBume:  Plant  size  = 1000  MWe 

Enrichment  tails  assay  = 0.20  percent  U 
Jjoad  factor  = .75 


SWU'S  Required  (kp.  SWU's) 

BWR 

FWR 

Initial  core 

239,000 

222,000 

Replacement  loadings 

105,000 

117,000 

10  year  average 

118, 400 

127,500 

30  year  average 

109,467 

120,500 

10  year  average 
30  year  average 


[Assume:  2 PWR's  to  J BWR] 


IHR 

124,467 

116,822 


GIGAWATTS 


UNIMPROVED  PLANTS  IMPROVED  PLANTS 

6100  MW  7400  MW 

17.1  MILLION  SWU/yr  26.4  MILLION  SWU/yr 


CAPABILITIES  OF  USAEC  PLANTS  UNDER 
EXISTING  AND  COMMITTED  EXPANSIONS 


FIGURE  J. 2,2-4 


CAPACITY  OF  GASEOUS  PLANTS  TO  SUPPLY 
LIGHT  WATER  REACTORS  [Creagan-74] 
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Fuel  preparation  and  fabrication  requirements  at  30  metric  tons  of 
uranium/year/GWe  will  be  about  5700  metric  tons/year  during  1985.  The 
U.  S.  capacity  projected  for  1980  is  8,200  metric  tons/year,  sufficient 
to  meet  requirements.  At  the  present,  the  annual  capacity  is  estimated  at 
4500  tons. 

The  fuel  cycle  costs  per  year  by  1985  are  tabulated  in  Table  D.2.2-8. 

These  results  are  derived  from  Table  J.2.2-9,  which  assumes  fuel  cycle 
needs  corresponding  to  10  years  after  operation.  In  general,  the  plant 
load  factor  increases  with  plant  operating  time,  hence,  a larger  load  of 
fuel  is  consumed  per  year  as  the  plant  gets  older.  Note  that  s'afeguarding, 
insurance,  and  power  plant  decommissioning  are  not  included  in  the  fuel 
cycle  cost. 

Construction  craft  manpower  requirements  for  the  period  between  1975 
and  1982  are  presented  in  Figure  J.2.2-5.  The  data  in  this  figure  was 
obtained  from  Figures  J.2.2-2  and  J. 2.2-6.  The  manpower  distribution 
for  a one-unit  power  plant  was  approximated  by  a triangular  distribution  extend- 
ing over  a six-year  period  and  with  a maximum  of  1.3  men/KWe.  This  approximation 
underestimates  manpower.  However,  since  not  all  power  plants  are  a one- 
unit  plant,  this  tends  to  compensate  for  the  approximation.  Note  that 
for  the  double-unit  the  peak  is  1.05  men/KWe. 

Major  construction  material  requirements  for  a typical  1.1  GWe 
nuclear  power  plant  are  given  in  Table  0.2.2-10.  The  various  ranges  of 
quantities  are  shown  to  reflect  the  various  differences  among  plants  and 
design  aspects  [BLIDWANI-75].  Table  0,2.2-11  lists  other  materials  and 
equipment  for  a 1 GWe  PWR  power  plant. 

Based  on  a nuclear  plant  completion  time  of  ten  years.  Table  0.2.2-12 
gives  the  combined  nuclear  jjtiJity  and  direct  support  staffing  schedules. 

Table  0.2.2-13  presents  a typical  nuclear  utility  operations  staff.  HTGR 
staffing  requirements  are  not  presented  since  they  constitute  a small  frac- 
tion of  the  total  manpower  needs  by  1985. 

Shipment  requirements  in  the  nuclear  fuel  cycle  and  quantities  of 
nuclear  waste  generated  are  presented  in  Table  0.2.2-14.  Ten  types  of 
radioactive  wastes  are  defined  on  the  basis  of  their  characteristics  and 
of  their  packaging,  shipping  and  disposal  requirements. 


Impacts 

Impacts  are  assessed  on  the  environmental,  economical,  social  and 
political  aspects  of  society. 

The  discussion  of  environmental  impacts  will  be  restricted  to  public 
health  and  safety  and  to  ecological  changes  that  might  result  from  radio- 
active releases  and  waste  heat  discharges  during  operations  in  the  nuclear 
fuel  cycle. 
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TABLE  J.2.2-8.  FUEL  CYCLE  COSTS  PER  YEAR  IN  1985^  (Million  Dollars/Year) 
b 

Cost  Component  Cost/Year 


a) 

Mining  and  Milling 

1327 

b) 

Conversion  to  UFg 

128 

c) 

Enrichment 

2222 

d) 

Fuel  Prep  and  Fabrication 

612 

e) 

Spent  Fuel  Shipment 

40 

f) 

Reprocessing 

273 

g) 

Reconversion 

10 

h) 

Waste  Management 

80 

i) 

Shipping 

26 

Subtotal 

4718 

Fuel  inventory  carry  charge 

— 

k) 

Safeguarding 

— 

1) 

Insurance 

— 

m) 

Plant  decommissioning 

— 

Total  4718 


a) 

b) 


HTGR  are  not  Included 
Based  on  Table  J. 2.2-9 
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TABLE  .2.2-9.  1980  FUEL  CYCLE  COSTS  FOR  AN  AVERAGE  1000  MWe  NUCLEAR  POWER 

PLANT  {1980  dollars)  (10  YEAR  OPERATION)  CCAC-137P-740 


Cost  Comp 


Cost/Uni  t 


Quant jty/Yr. 


mllls/kwhe 


a) 

Mining  and  Milling 

$20/lb 

360,100  lbs  U^Og 

$7,208,000 

1.10 

Conversion  to  UF- 

D 

$5/kg  U 

138,600  kg  U 

$693,000 

0.10 

c) 

Enrichment 

$97  kg  SWU 

12V,  467  kg  SWU 

$12,073,299 

1.84 

d) 

Fuel  Prep  and  Fabrication 

$29,679  kg  U 

29,679  kg  U 

$3,324,048 

0.50 

e) 

Spent  Fuel  Shipping 

$8/kg  U 

26,525  kg  U 

$212,200 

0.03 

f) 

Reprocessing 

$56/kg  U 

26,525  kg  U 

$1,485,400 

0.23 

g) 

Reconversion 

$2/kg  U 

26,161  kg  U 

$52,362 

0.01 

/v..  II 

T-''/  ‘ t.  '• 

(reactor  fuel) 

/V7  ol**?  tT 

(reactor  fuel) 

V^.3 1 > 

r\f» 

UaWf 

i) 

Shipping 

b)  to  c) 

c)  to  d) 

d)  to  d) 
f)  to  g) 

$. 42/kg  U 
$. 90/kg  U 
$. 72/kg  U 

$1.45/kg  U 

137,907  kg  U 
29,679  kg  U 
28,937  kg  V 
26,260  kg  U 

$57,921 

$27,711 

$20,835 

$38,077 

Shipping  total 

$143,544 

0.02 

Subtotal 

$25,629,373 

3.90 

i) 

Fuel  Inventory  Carrying 

Charge 

(at  125t) 

$8,672,400 

1.32 

k) 

Safeguarding 

NA 

- 

1) 

Insurance 

HA 

- 

Total  (v/ithout  k and  1) 

.$3^,301,773 

5.22 

Assumptions : 

Load  factor  = .75 
Burnup  « 29.883  JWCtjD/MTU 
Efficiency  = 33.5  percent 
Inflation  rate  » 7 percent  annually 
Plant  operation  = 10  years 


FIGURE  0.2. 2-5  TOTAL  CONSTRUCTION' MANPOWER  REQUIREMENTS 

,FOR  REACTORS  PLANNED 


FIGURE,  J.2.2-6 

TOTAL  CRAFT  MANPOWER  REQUIREIVIENTS  YEAR  BY  YEAR  FOR  TYPICAL  ONE-UNiT,  TWO> 
UNIT,  AND  THREE-UNIT  NUCLEAR  POWER  PLANTS  OF  1150-MWe  CAPACITY  PER  UNIT.  PEAK 
NUMBER  OF  MEN  PER  MWe  IS  SHOWN  FOR  EACH  CURVE.  BUDWANI-75 
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TABLE  J.2.2-10.  MAJOR  CONSTRUCTION  MATERIAL  REQUIREMENTS  FOR  A TYPICAL  1.1 
GWe  NUCLEAR  POWER  PLANT  EBUDWANI-75T 


MATERIAL 

QUANTITY 

Concrete 

125,000 

to 

175,000  cu  yd 

Rebar 

13,000 

to 

18,000  Ions 

Structural  steel 

5,000 

to 

8,000  tons 

Containment  liner  (PWR) 

900 

to 

1,200  tons 

Fuel  pool  liner 

140 

to 

160  tons 

Embedments  (iron) 

1,000 

to 

1,200  -.c— 

Formv/ork 

1 ,250,000 

to 

1,750.000  s:‘  r. 

Cable  trays 

60,000 

to 

90,000  iin  fr 

Conduit  (metallic) 

325,000 

to 

550,000  Iin  fi 

Condenser  tubing 

3,000,000 

to 

3,500,000  Iin  ft 

Railroad  tracks 

40,000 

to 

60,000  Iin  ft 

Piping  2'/2  in.  and  over 

2,850 

to 

3.350  tons 

Grating  and  flooring 

225 

to 

350  tons 

Cable  (power  and  control) 

3,250,000 

to 

4,500,000  Iin  ft 

J-15 


TABLE  a 2.2-11.  MATERIALS  AND  EQUIPMENT  FOR  1-1000  MWe  PWR  GENERATING  PLANT 
EDEUTCH-741 


Alumlnuni: 

Cement  (total) 
Concrete  (total): 


20  short  tons 

50.000  short  tons 

150.000  cubic  yards 


Copper;  600  short  tons 

Carbon  Steel:  36,000  short  tons  (includes  structural  steel,  reinforcing 

steel,  steel  forgings  and  castings,  plate  steel,  piping 
and  conduit) 


Heavy  Steel  Plate:  2300  short  tons  (includes  600  tons  for  reactor  pressure 

vessel) 

Steel  Forgings;  350  short  tons  (for  Nuclear  Steam  Supply  System)  J 

200  short  tons  forging  for  generator  rotor. 


Carbon  Steel  Piping  2650  short  tons 
(over  2 inches) r 


Stainless  Steel: 


2300  short  tons  (includes  375  short  tons  of  stainless  steel 
piping  (over  2 inches  in  size) 


Steel  Railroad  Track:  50,000  feet  of  rail 


Pumps: 


44  pumps  driven  by  motors  in  0-99  HP  range 
34  pumps  driven  by  motors  in  . 100-999  HP  range 
9 pumps  driven  by  motors  in  1000-9999  HP  range 
2 pumps  driven  by  mechanical  drive  turbines  of 
12,300  HP  each 


Note:  The  pumps  listed  above  are  identified  in  the  cost  estimate 

listing  and  the  electrical  one-line  diagram  of  >\EC 
publication  ;vASH-l230  iVol.  1).  Counting  miscellaneous 
additional  pumps,  there  arc,  on  the  order  of  100  pumps  in 
the  model  1000  l-r.ve  FrfR  plant. 

5 (for  station  service  air,  instrument  air  and 
waste  gas;  does  not  include  air  conditioning  coy-pre-ssors) 


Compressors: 


=J-T6 


TABLE  iJ,,2'-.2-Tl.  (Cont.) 


Transformers ; 


2 m.-iJn  urn  nr;  fa  rs  , 570,000  KVA  . each 
.2  au::iiiar>’  po-.-'or  crans fonners 43,000  KVA  each 
4 station  service  transf onr.exs  , 2,700  KVA  each 
'4  .tratis former G in  the  0- 10.0, “.KVA  range  fbr 
120  volt  AC  supply,  generator  neutral,  and 
control  circuits 


Mote;  In  addition  to  the  principal  transformers  listed  above 
. there  are  miscellaneous  small -control  tf ansformers  in 
this,  plant  switchgear  and .motor  control  center  as  well 
as ‘instrument  transformers  for;  plant  relaying,  metering 
and  control. 


'Turbines; 


Diesels: 
Boilers; 
Valves ; 


1 - steam  turbine-generator  rated  approximately 

1,100,000  Kt'7 

.1  - gas  turbine-generator  rated  21,000  W-l  (stand-by- 
plant  startup) 

2 - turbines  rated  12,300  HP  each  to  drive  the  reactor 

fecd^/ater  p u:r.p s 

1 - turbine  (rating  not  specified)  to  -drive  an  auxiliary 

feedwater  pump 

3 diesel  generators  rated  2000  K17  each 

2 - 50,000  pound  per  hour  oil-fired  auxiliary  heating  boilers 

About  350  to  400  main-  valves  are  required  fbr  the  nuclear 
steam  supply  and  turbine-operator  fluid  cycle  systems. 

An  unidentified  number  of  smaller  valves  are  required 
for  station  plumbing  and  drains  and  miscellaneous  station 
services . 
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TABLE  J .2.2-12,  COMBINED  NUCLEAR  UTILITY  AND  DIRECT  SUPPORT  STAFFING  SCHEDULES 
(Single  Unit,  1100  Mw  Nuclear  Power  Plant) 


Utility 

Direct  Support  Organizations 

Year 

Operations 

Smff 

Engineering  and 
Technical  Support 
Staff 

Architect 

Engineer 

Nuclear  Steam 
Supi)ly  System 
Vendor 

Technical 

Consultants 

Construction 

Management 

Organization 

Total 

(EncInetrWN^n-Cnimetrj) 

(Snuinecr9/N<«n'lLtisliiei>rj) 

(Cni^lneera/KokfCRCineerj) 

(&ni!inci>r&/Non  engineers) 

(E  n:liu'cr,/ne  n-E  n L'lnecri) 

(Enilnc<ri/N  o»-EnBlne««) 

(EnEUU'ett/Non-Encinecrs) 

1 

0/0 

10/0 

10/5 

5/0 

10/0 

0/0 

35/5 

2 

0/0 

10/0 

I 10/10 

10/0 

10/0 

0/0 

40/10 

3 

0/0 

15/5 

25/25 

15/5 

15/0 

0/0 

70/35 

•I 

0/0 

20/5 

50/50 

15/5 

15/0 

10/0 

110/60 

0/0 

25/10 

70/70 

15/5 

20/0 

10/30 

140/115 

0 

5/0 

25/10 

75/70 

15/5 

20/0 

20/60 

160/145 

; 

15/40 

25/10 

65/55 

15/5 

20/0 

20/60 

150/170 

fj 

15/60 

25/10 

50/50 

15/5 

20/0 

20/60 

145/185 

y 

15/00 

25/10 

25/25 

10/0 

10/0 

10/30 

95/125 

10 

15/CO 

25/10 

15/6 

5/0 

5/0 

10/0 

75/75 

Tola! 

Prior  10 
Couur.t'rei.al 
0 porauon 

65/220 

205/70 

335/365 

120/30 

146/0 

100/240  ‘ 

1 

1 

1,020/926 

Man*  Years 
Per  Year 
Alter 

Commercial 

Oj)oratio« 

15/60 

16/10 

1 

Not 

Estimated 

Not 

Estimated 

Not 

Estimated 

Not  . 
Estimated 

30/70 
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TABLE  2. 2-13.  TYPICAL  NUCLEAR  UTILITY  OPERATIONS  STAFF  (Single  Unit  1.1 
GWe  Nuclear  Power  Plant)  CDEUTSCH-74T 

Plant  Superintendent  1 
Assistant  Plant  Superintendent  1 
Operations  Supervisor  1 
Training  Coordinator  1 
Shift  Supervisors  (SRO  Licenses)  6 
Control  Operators  (RO  Licenses)  12 
Auxiliary  Operators  12 
Technical  Supervisor  1 
Technical  Staff  8 
Technicians  12 
Maintenance  Supervisor  1 
Electrical  and  Mechanical  Maintenance  Personnel  19 


Total 


75 


TABLE  J.2.2-14.  SHIPMENT  REQUIREMENTS  IN  THE  NUCLEAR  FUEL  CYCLE  (1985)a 


FRESH  FUEL  SHIPMENTS 

LWR 

HTGR 

Metric  Tons/Year/Reactor*^ 

40 

12 

Load/Vehicle/Hetric  Ton 

5.5 

1 

Time  in  Transit,  days 

1.4 

1.4 

Shipments/Year^ 

1338 

72 

Vehicles  in  Transit  (average) 

5.13 

0.28 

SPENT  FUEL  SHIPMENTS 

Metric  Tons/Year/Reactor 
Load/Vehicle  (Metric  Tons) 

If 

-o  § 

23'* 

3.2 

Truck 

0.44 

— 

Rail 

3.1 

0,6 

Shipments/ Year® 

a 

Truck 

3206 

— 

Rail 

910 

32 

Time  in  Transit,  days 

2.5 

2.5 

Vehicles  in  Transit  (average) 

Truck 

22 

Rail 

6.23 

0.22 

Radioactivity/Shipmient  (Megacuri 

es) 

16 

3 

a)  Based  on  [BLOMEKE-75] 

b)  Assuming  270,930  lbs  of  UoOo/year/GWe 

c)  184  GWe  for  LWRs  and  6 GWe  for  HTGRS 

d)  Assuming  22,934  KgU/Year/GWe 

e)  Ratio  of  rail  to  truck  of  2:1 


TABLE  J. 2. 2-14  (Cont.) 


PROJECTED  SHIPMENTS  OF  PLUTONIUM 


Metric  Tons  of  Fissile  Pu/year 

30 

Load/Vehicle  (Metric  Tons) 

0.5 

Shipments/year 

60 

Time  in  Transit,  days 

2.5 

Vehicles  in  Transit  (average) 

0.4 

SOLIDIFIED  HIGH-LEVEL  WASTE  SHIPMENT 

Rate  of  Generation  (ftVyeai"/GWe) 

47 

Total  Waste  (ft^/year) 

8930 

Rate  of  Shipment  (ft^year)^ 

1974 

Shipments/year*^ 

26 

Vehicles  in  Transit 

1 

Radioactivity/Shipment  (Megacuries) 

11 

SHIPMENT  OF  CLADDING  WASTE 

Volume/Hetric  Ton  of  Spent  Fuel/GWe  (ft^) 

2.3 

Total  Volume  Generated  (ft^/year)® 

9705 

Volume/Shipment  (ft^)^ 

95 

Shipments/year 

102 

Vehicles  in  Transit 

1 

a)  Waste  generated  in  1975  is  transported  as  solidified  waste  in  1985 
(42  GWe  for  1975) 

b)  12  waste  canisters  of  6.3  ft^  per  shipment 

c)  Based  on  22,934  KgU/year/GWe 
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TABLE  J. 2. 2-14  (Cont.) 

SHIPMENT  OF  NOBLE  GASES  FISSION  PRODUCTS^ 

Radioactivity  Generation  (Megacuries/year/GWe)  0,205 

Total  Radioactivity  (Hegacuries/year)  39 

Cylinders  Shipped/year^  247 

Humber  of  Shipments /year  41 

1 

Vehicles  in  Transit  1 

' Radioactivity/Shipment  (Megacuries)  1 

SHIPMENT  OF  FISSION-PRODUCT  IODINE 

Iodine  Production  Rate  (Kg/year/GWe)  5.5 

Total  Iodine  Generated  (Kg/year)  1045 

Radioactivity  Generated  (Curies/year/GWe)  0.75 

Total  Radioactivity  (Curies/year)  143 

Shipments/year  4 

Curies/Shipment  36 

SHIPMENT  OF  TRITIUM 
Tritiated  Water  from  Reactors 


Tritiated  Water  Generation  (gallons/year/GWe)  20,000 
Total  Tritiated  Water  (gallons/year}  3,680,000 
Shipments/year*^  920 
Radioactivity  Generation  (Megacuries/year/GWe)  0.00035 
Total  Radioactivity  (Hegacuries/year)  0.0644 


TABLE  0.2.2-14  (Cont.) 


Tritium  from  Fuel  Reprocessing 
Production  (ft^/year/GWe) 

Total  tritium  (ft^/year) 
Radioactivity  (Megacuries/year) 
Shipments/year 

SHIPMENT  OF  PLUTONIUM  ALPHA  SOLID  WASTES 

10 

1840 

2.85 

090 

Production  (ftVyear/GWe) 

1.2x1q3 

Total  Plutonium  Alpha  Wastes  (ft^/year) 

221x10^ 

Shipments/year® 

221 

Vehicles  in  Transit 

5 

Radi oacti vi ty  (Hegacuri es/year) 

2 

SHIPMENT  OF  ALPHA-BETA-GAMMA  WASTES 

Production  (ft^/year/GWe) 

5.23x1 o2 

Total  Waste  (ft^/year) 

io5 

Radi oacti vi ty  (Megacuri es/year) 

1.6 

Shipments/year*^ 

1340 

Vehicles  in  Transit 

23 

SHIPMENT  OF  BETA-GAMMA  WASTES 

Production  (ft^/year/GWe) 

4x10^ 

Total  Waste  (ft^/year) 

760x10^ 

Radioactivity  (Hegacuries/year) 

0.7' 

Shipments/year'^ 

1600; 

Vehicles  in  Transit 

17 

a)  Krypton  and.  Xenon  ^ a)  1000  ft^/carload  by  rail  . 

b)  50  liter  cylinders;  1.3  cylinder/year/GWe;  6 cylinders/shipment  b)  75  fWshipment,  motor  freight 

c)  4000  gallon  tank  trucks/shipment  , c)  475  ft^,  64  drums  (55  gallon  drums)/load. 
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Radioactive  releases  of  appreciable  impact  might  result  from  nuclear 
thefts,  sabotage,  reactor  accidents,  and  spent  fuel  transportation  acci- 
dents. Figure  j.2.2-7  pictures  an  impacfflow  diagram  due  to  these 
three  types  of  nuclear  accidents.  The  final  impact  is  on  public  health 
in  terms  of  somatic  (vomiting,  loss  of  hair,  etc.)  and  genetic  (long  term) 
effects.  Only  impacts  from  reactor  accidents  are  considered  in  detail. 

The  effects  of  waste  heat  rejection  from  a power  plant  are  presented 
in  the  impact  flow  diagram  in  Figure  il.2.2-8.  . 


Impacts  from  Potential  Reactor  Accidents 

In  order  to  assess  the  risk  to  the  public  from  potential  accidents  in 
the  operation  of  LWRs  commercial  power  plants,  the  Atomic  Energy  Commission 
(now  NRC)  performed  a study,  under  the  direction  of  Professor  Norman  C. 
Rasmussen,  which  lasted  two  years  and  involved  50  man  years  of  effort  and 
three  million  dollars.  This  study  which  is  commonly  referred  as  the 
"Rasmussen  Report,"  Draft  WASH-1400  (AEC-74-4)  made  a realistic  estimate 
of  these  risks  and  compared  them  with  non-nuclear  risks  to  which  our 
present  society  is  already  exposed.  In  this  study,  risk  is  associated 
with  the  likelihood  and  consequences  of  an  event. 

Using  fault-free  methodology,  the  study  devoted  a large  amount  of  its 
effort  to  insure  that; all  potential  accidents  important  in  determining 
the  public  risk  were  covered.  This  systematic  approach  makes  it  very 
unlikely  that  an  accident  which  would  contribute  to  overall  risk  was  over- 
looked. Thousands  of  potential  accident  paths  were  defined  and  examined 
to  determine  their  likelihood  of  occurrence  and  the  amount  of  radio- 
activity they  might  release. 

Based  on  the  fact  that  potentially  large  amounts  of  radioactivity 
can  only  be  released  by  melting  of  the  fuel  in  the  reactor  core,  the 
safety  study  considered  two  broad  types  of  situtions;  the  loss  of  coolant 
accident  (LOCA)  and  nuclear  plant  transients. 

The  results  o.f  the  study  are  summarized  in  Figures  0.2. 2-9  through 
J. 2. 2-11.  These  are  based' on  the  operation  of  100  nuclear  power  plants  of  . 
1000  MW  electrical  capacity. 

Figures  0.2. 2-9.  and-0.2..2-T0  compare,  in'  terms  .of  the  number  of  fatali- 
ties, the  nuclear  reactor  accident  risks  with  the  potential  risks  from  other 
manmade  and  natural  phenomena,  respectively.  Figure  0.2.2-11  shows  the 
likelihood  and  dollar  value  (1973  dollars)  of  property  damage  (not  including 
the  power  plant)  associated  with  nuclear  and  non-nuclear  accidents. 
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FIGURE  J.2.2-7  IMPACTS  FROM  NUCLEAR  ACCIDENTS 


FIGURE  J.2.2-8  IMPACTS  FROM  WASTE  HEAT  REJECTION 


FREQUENCYiEVENTS/YEARl 


FATALITIES 

FREQUENCY  OF  FATALITIES  DUE  TO  MAN-CAUSED  EVENTS 

(AEC-74-4) 


FIGURE  J.2.2-9 
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1/1000  h 


FATALITIES 


FREQUENCY  OF  FATALITIES  DUE  TO  NATURAL  EVENTS 
(AEC  74-4) 


FIGURE  0,2.2-19 
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FREQUENCY  OE  PROPERTY  DAMAGES  DUE  TO  NATURAL  AND 
MAN-CAUSED  EVENTS  (AEC-74-4) 


FIGURE  0.2. 2-11 
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The  results  indicate  that  non-nuclear  events  are  about  10,000 
times  more  likely  to  produce  large  accidents  than  nuclear  plants.  Also, 
nuclear  plants  are  about  100  to  1000  times  less  likely  to  cause  comparable 
large  dollar  value  accidents  than  other  sources.  Property  damage  includes 
1)  cost  of  temporarily  moving  people  away  from  contaminated  areas,  2)  denial 
of  use  of  real  property  during  reactivity  clean  up,  and  3)  assuring  no 
exposure  of  the  public  to  the  radioactivity  in  food  and  water  supplies. 

In  addition  to  fatalities  and  property  damage,  a number  of  other  health 
effects  can  be  caused  by  nuclear  accidents.  These  include  injuries  and 
long  term  health  effects  such  as  cancers,  genetic  effects  and  thyroid 
gland  illness.  The  injuries  expected  in  potential  accidents  would  be  about 
twice  as  large  as  the  fatalities  shown  in  Figures  0.2. 2-9  and  J. 2. 2-10; 
however,  such  injuries  would  be  insignificant  compared  to  the  8 million 
injuries  caused  annually  by  other  accidents. 

The  most  likely  core  melt  accident  would  occur  on  the  average  of  one 
every  17,000  years  per  nuclear  plant.  The  size  of  the  consequences  of 
such  an  accident  are  illustrated  in  Table  J, 2. 2-15.  A comparison  of ‘the 
consequences  of  various  types  of  accidents  is  presented  in  Table  J. 2. 2-16. 

It  is  possible  for  a core  melt  accident  to  release  enough  radioactivity 
so  that  some  fatalities  might  occur  within  a short  time  (a  few  weeks)  after 
the  accident.  Other  people  may  be  exposed  to  radiation  levels  which  would 
produce  observable  effects  which  would  require  medical  attention  but  from 
which  they  would  recover  completely.  In  addition,  some  people  may  receive 
even  lower  exposures  which  produce  no  noticeable  effects  but  may  increase 
the  incidence  of  certain  diseases  over  a period  of  many  years.  This  last 
situation  is  illustrated  in  Table  '3,2.2-17/ for  two  •accident',  conditions.  Note 
that  the  effects  are  difficult  to  notice  because  the  increases  are  predicted 
to  be  much  smaller  than  the  normal  incident  rate  of  these  diseases. 

Comparison  of  mortality  rates  in  three  power  plant  types  is  given  in 
Table  J. 2.2-18. 


Impacts  from  Diversion  of  Nuclear  Materials 

The  impacts  resulting  from  the  theft  or  diversion  of  some  kinds  of 
nuclear  materials  depend  upor.  the  i:se  of  the  materials  as  an  explosive 
nuclear  weapon,  a biological  poison  or  as  a radioactive  source. 

It  takes  approximately  34  pounds  of  highly  enriched  uranium,  above 
90*^,  to  make  a crude  bomb.  At  enrichments  above  20%,  the  uranium  can  be 
made  to  explode.  Hov/ever,  the  amount  of  .material  needed  would  be  large 
and  the  explosive  force  relatively  low  [Buchanan-74j.  Highly  enriched 
uranium  is  one  of  the  fuel  materials  used  in  HTGR's.  The  low  enrichment 
level,  about  3%,  in  the  fuel  of  a LNR  makes  it  a non-nuclear  explosive 
materi al . 
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TABLE  J 2.2-15.  CONSEQUENCES  OF  THE  MOST  LIKELY  CORE  MELT  ACCIDENT 


FataliCies 

Injuries 

Latent  Fatalities 
Thyroid  Nodules 
Genetic  Defects 
Property  Damage* 
*This  does  not  include  damage 


Consequences 

<1 

<1 

<i 

<1 

$100,000 

that  might  occur  to  the  plant. 


TABLE  J. 2.2-16.  ANNUAL  FATALITIES  AND  INJURIES  EXPECTED  AMONG  THE  15  MILLION 
PEOPLE  LIVING  WITHIN  20  MILES  OF  U.S.  REACTOR  SITES 


Accident  Type 

Fatalities 

Inluries 

Automobile 

4.200 

375,000 

Falls 

1,500 

75,000 

Fire' 

560 

22,000 

Electrocution 

90 

— 

Lightning 

8 

Reactors  (100  plants) 


0.3 
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TABLE  J .2.2-17.  MAGNITUDE  OF  LATENT  HEALTH  EFFECTS  EXPECTED  IN  A 20  YEAR 
PERIOD  FOR  AN  ACCIDENT  THAT  PRODUCES  100  FATALITIES 


Effect 

Chanco  Per  Plant 

1 

Per  Year  • 

1 

[ 

Normal*  i 

Incidence  Rate  | 

t 

• 

One  an  17,000  i Cr.c 

i 

Latent  Cancers 

I 

i 

< i 

450 

i 

64,000  ! 

1 

Thyroid  Illness 

4 1 

12,000  i 

Genetic  Effects 

<1  1 
1 

j 

450 

*This  is  the  normal  incidence  that  would  be  expected  for  people  in  the 
vic;--ity  of  any  one  reactor. 


TABLE  J .2.2-18.  PREDICTED  MORTALITY  RATES  FOR  ELECTRIC  POWER  PLANTS 


POWER  PLANT  TYPE 


MORTALITY  RATE 

{FATALITIES/MILLION  PEOPLE/YEAR) 


Coal -Fired 
Oil-Fired 
Nuclear  Fueled 


300^^) 

250^"'^ 

<l(2) 


(1 ) [Forbes-74] 
C2)  [AEG -74-4] 
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The  amount  of  plutonium,  recovered  from  the  spent  fuel  reprocessing 
(mainly  of  LMRs),  needed  to  manufacture  a nuclear  explosive  is  about  16 
pounds.  The  future  growth  of  the  nuclear  energy  industry  will  depend  to 
a large  extent  on  the  recycling  of  the  plutonium  for  use  in  LHRs  and  the 
breeder  reactors.  Thus,  relatively  large  amounts  of  plutonium  will  be 
circulating  in  the  nuclear  fuel  cycle.  The  potential  of  plutonium  as 
weapons  grade  material  and  as  a high  radio- toxic  biological  poison, 
presents  a dangerous  situation  to  national  security  and  public  safety. 

The  most  vulnerable  sectors  for  diversion  of  nuclear  materials  are 
considered  to  be  the  areas  of  fuel  reprocessing,  fuel  fabrication  and 
transportation. 

Spent  fuel  elements  as  well  as  nuclear  waste  materials  could  be 
subjected  to  a conventional  explosion  by  terrorist  actions  during  the 
transportation  of  such  materials. 

Another  area  of  concern  is  the  sabotage  of  facilities  in  the  nuclear 
fuel  cycle.  In  particular,  nuclear  pov/er  plants  and  fuel  reprocessing 
facilities  would  be  the  most  probable  targets  due  to  the  added  impact  of 
radioactive  releases.  In  the  case  of  a nuclear  plant,  the  damage  produced 
by  reactor  sabotage  is  comparable  to  the  consequences  resulting  from  some 
of  the  accidents  postulated  in  the  safety  analysis  of  the -plant. 


Plutonium  toxicity  has  been  singled  out  as  a very  unique  property. 
However,  there  are  natural  and  industrial  materials  capable  of  producing 
health  impacts  as  large  as  those  attributed  to  plutonium.  No  proper 
training  or  special  capability  are  needed  to  handle  some  of  these 
materials. 

Damages  caused  by  sabotage  of  a nuclear  facility  or  of  a shipment  of 
nuclear  material,  resulting  in  radioactive  contamination  of  the  surrounding 
area,  would  be  covered  by  the  Price-Anderson  insurance  and  indemnity  agree- 
ments. However,  theft  of  nuclear  material  followed  by  damage  resulting 
from  its  misuse  at  a location  other  than  a power  plant  site  or  from  the 
on  a planned  transportation  route  probably  would  not  be  covered 


Impacts  From  Waste  Heat  Disposal 

There  are  limits  on  the  convertibility  of  heat  into  other 
enerp  machines  in  which  heat  is  converted  to  work,  a 

substantial  portion  of  the  heat  input  is  invariably  discharged  to  the 

kUown°SreJpected!  ® ^ith  no  exceptions 
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Although  in  many  situations  electrical  energy  can  be  utilized  more 
effectively  than  other  forms,  there  is  a considerable  heat  waste  in  the 
generation  of  electrical  power.  Heat  from  the  combustion  of  fossil  fuel 
in  a boiler,  or  from  the  fission  of  nuclear  fuel  in  a reactor,  is  used 

to  produce  steam  at  high  temperature  and  pressure.  The  steam,  in  turn, 

drives  a turbine  connected  to  a generator.  After  going  through  the  turbine 
and  producing  a certain  amount  of  work,  the  steam  is  converted'  back  into 
water  in  a condenser. 

The  process  of  steam  condensation  is  accomplished  by  passing  large 
amounts  of  cooling  water  from  a water  supply  system  through  the  condenser 
of  a steam  electric  generating  plant.  The  water  supply  may  be  in  the  form 

of  a river,  lake,  estuary  or  ocean  waters.  In  this  process,  heat  is  added 

to  the  cooling  water,  which  when  returned  to  the  supply  body  is  the  origin 
of  the  thermal  effects  on  the  environment. 

The  simplest  and  most  commonly  employed  method  for  provision  of 
cooling  v/ater  to  the  condenser  in  a power  plant  is  the  single-pass  or 
once-through  system.  Water  is  withdrawn  from  an  available  source  such 
as  a river,  lake,  bay,  estuary  or  ocean,  and  pumped  through  the  condenser. 
After  passing  through  the  condenser,  it  is  discharged  back  into  the  source. 
The  points  of  intake  and  discharge  are  separated  so  that  there  is  a minimal 
recirculation  of  water  which  has  been  through  the  system.  The  rate  of 
water  pumping  through  the  condenser  depends  on  the  size  of  the  plant  and 
on  the  water  temperature  increase  expected.  A 1000  fiW  plant  would  require 
about  500,000  gallons  per  minute  for  about  a 20°F  temperature  rise  of  the 
water. 

In  some  cases,  to  avoid  thermal  discharges  to  public  water  bodies  or 
when  there  is  no  mter  capacity  to  cool  the  large  power  plants  being  built 
today,  a cooling  pond  or  artificial  lake  is  employed.  Cooling  of  the 
discharge  water  occurs  through  evaporative  cooling,  direct  transfer  of 
heat  to  the  air,  and  radiation.  The  pond  or  lake  must  receive  make-up 
water  to  compensate  for  the  evaporation,^oss . The  cooling  pond  is  generally 
designed  to 'function  as  an  adjunct  of  the^power  plant  and  is  seldom  used 
for  any  other  function. 

When  new  power  plant  sites  have  water  supplies  inadequate  for  once- 
through  cooling  or  where  recourse  to  a cooling  pond  or  artificial  lake 
is  not  a viable  course  of  action,  electric  utilities  are  turning  to  cooling 

towers.  The  most  common  types  of  cooling  towers  are  the  evaporative  or- wet 

type,  whether  mechanical  or  natural  draft.  In  wet  cooling  towers,  the  water 
is  brought  in  direct  contact  with  a flow  of  air,  and  the  heat  is  dissipated 

to  the  atmosphere,  principally  by  evaporation  o-f  some  of  the  cooling  water. 

Make-up  water  is  added  tc  replace  evaporative  losses.. 


Where  addition  of  water  to  the  atmosphere  or  the  consumptive  loss  of 
water  is  unacceptable,  the  dry  type  cooling  towers  might  be  installed. 

In  this  method  of  cooling,  water  circulates  inside  the  tubes  of  a radiator 
and  air  is  blown  by  fans  past  the  outside  of  the  tubes  to  remove  the 
heat  from  the  water  by  a combination  of  conduction  and  convection  heat 
transfer.  No  water  is  lost  since  it  circulates  in  a close  loop  without 
contacting  the  cooling  air. 


Atmospheric  Impacts 


In  all  the  power  plant  cooling  methods  discussed  above,  the  waste 
heat  is  eventually  transferred  to  the  atmosphere.  In  estimating  the  impact 
of  the  rejected  heat  on  the  weather  conditions,  both  the  surface  area  over 
which  heat  is  transferred  and  the  dispersion  characteristics  of  the  atmosphere 
are  important.  It  is  the  concentration  of  large  amounts  of  waste  heat  in  a 
relatively  small  region  that  wilt  tax  the  capability  of  the  atmosphere  to 
assimilate  the  heat  locally  [Rotty-74-1].  On  the  other  hand,  when  the  heat 
is  dispersed  over  a large  area,  the  thermal  impact  is  minimized.  Table 
0.2.2-19  illustrates  the  effect  of  localized  heat  sources  ("urban  heat 
islands")  on  the  climate  of  cities.  Other  effects  not, included  in  Table 
0.2.2-20  are  less  snowfall  due  to  melting  in  going  through  a warmer  urban 
atmosphere  and  longer  frost-free  growing  season. 

The  clustering  of  electric  generating  plants  within  relatively  small 
geographical  areas  can  have  changes  in  climatic  conditions  similar  to  the 
city  heat  island.  The  flux  heat  density  provides  an  indication  of  the 
potential  impact  of  a power  plant  as  a heat  island.  In.  most  cases,  the 
heat  rejected  to  the  atmosphere  is  much  more  concentrated  than  that  released 
from  cities.  In  fact,  this  is  the  case  for  power  plants  using  cooling 
towers.  Thus,  greater  impacts  than  those  experienced  in  city  atmospheres 
can  result.  Comparative  heat  flux  density  for  various  sources  is  given 
in  Table  J. 2, 2-20. 

Meteorological  consequences  due  to  large  addition  of  heat  to  the 
atmosphere  have  been  recorded.  Table  J. 2. 2-21  summarizes  the  character- 
istics of  the  particular  cases  and  the  atmospheric  impacts.  Note  that  in 
the  case  of  a large  cooling  tower,  the  energy  flux  density  exceeds  that  of 
the  French  Meteotron  (an  array  of  oil  burners).  However,  the  meteorological 
impact  of  large  quantities  of  heat  added  to  the  atmosphere  over  small  areas 
cannot  be  specified  at  the  present  time.  It  is  evident  that  the  heat  releases 
from  large  power  plants  (especially  nuclear)  are  comparable  with  the  heat 
discharges  from  other  events  that  have  caused  perturbations  and  climate 
changes  of  appreciable  magnitude.  In  order  to  minimize  the  impacts,  heat 
should  be  rejected  over  as  large  an  area  as  possible.  In  this  respect, 


TABLE  a. 2. 2-19 


Element 

Temperature 
Annual  mean 
Winter  minima 

Reietive  humidity 
Annual  mean 
Winter 
Summer 

Dust  particles 

Cl oud i ness 
Clouds 
Fog,  winter 
Fog,  summer 

Radiation 

Total  on  horizontal  surface 
Ultraviolet,  winter 
Ultraviolet,  summer 

Wind  speed 
Annual  mean 
Extreme  gusts 
Ca  1ms 


Precipi tation 
Amounts 


with  > 0.2  inch 
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PRODUCED  BY  CITIES  (after  Landsberg,  1962) 


Compared  with  rural  environs 

1.0  to  1 .5“F  hi gher 

2.0  to  3,0**F  higher 

6 percent  lower 
2 percent  lower 
8 percent  lower 

10  times  more 

5 to  10  percent  more 
100  percent  more 
30  percent  more 

15  to  20  percent  less 
30  percent  less 
5 percent  less 

20  to  30  percent  less 
10  to  20  percent  less 
5 to  20  percent  more 


5 to  10  percent  more 
10  percent  more 


TABLE  J. 2. 2-20.  COMPARATIVE  HEAT  FLUX  DENSITY  FOR  VARIOUS  SOURCES  (LARGE  AREAS) 
CROTTY-74-20 


Area 

Km^ 

Heat  Flux  Density 

/ 2 
W/m 

Fraction  of 
Solar  Flux 
at  Ground 

Solar  Constant 

1352 

Average  Solar  Energy  Trapped  in 
Earth  Atmosphere  System  (24  hour 
average) 

5.1  X 10® 

246 

Average  Solar  Energy  Flux  at 
ground 

5.  lx  10® 

160 

1.00 

Anthropogenic  Heat  from  Cities: 

Manhattan,  New  York  City 

59.8 

630 

3.94 

Moscow 

878 

127 

.79 

Washington,  D.  C. 

173 

44 

.28 

Los  Angeles  Basin 

10,000 

7.5 

.05 

Boston-Washington  Metropolitan 
Area  - (Projection  for  2000  AD) 

31,200 

36 

.23 

Sheffield,  England 

48 

19.2 

.12 

Waste  Heat  from  Power  Plants; 

Dresden  and  Brdidwood  (over 
area  for  city  of  1 million  people) 

230 

35.3 

.22 

Dresden,  LaSalle,  Braidwood 
(area  sufficient  to  InOlude  all 
three) 

634 

19.5 

.12 

Summit,  Salem,  Hope  Creek 
(12  mi,  X 5 mi.) 

155 

73.8 

.46 

Peach  Bottom,  Fulton,  Summit, 
Salem,  Hope  Creek,  Bainbridge, 
Conowingo  (50  mi,  x 10  mi.) 

1,294 

22.1 

.14 
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TABLE  J. 2.2-21.  EFFECTS  OF  LARGE  HEAT  ADDITIOHS  TO  THE  ATMOSPHERE  OlOTTY-74-20 

Phenomenon  Energy  Rate  Area  EaergylTlux  Meteorological  Consequences 

(Mw)  (Km^)  Density 


a.  Xarga  brush  lire 

100,000 

50-’' 

2000, 

(Relatively  small  energy  flux  rate,  very  large  area) 
Cumulus  cloud  reaching  to  a height  of  6 km  formed 
over  1/10  area  of  lire.  Convergence  of  winds  into 
a fire  area 

1).  lorest  Fire  Whirlwind 

Typical  whirlwind:  Central  tube  visible  by  whirling 
smoke  and  deblrs.  Diameters  few  feet  to  several  hun- 
dred feet.  Heights  few  feet  to  4,000  ft.  Debris  picked 
up  - logs  up  to  30  Inches  In  diameter,  30  ft.  long. 

c,  'WWH  Eire  Storm 

• 

12 

Turbulent  column  of  heated  air  21/2  miles  in  diameter. 
Fed  at  base  by  Inrusb  of  surface  air,  pae  and  a half 
miles  from  flro,  wind  speeds  increased  from  11  to  33 
mph.  Trees  3 feet  in  diameter  were  uprooted. 

d.  Fire  at  Hiroshima 

(10-12  hours  after  A-bomb).  "The  wind  grew  stronger, 
■and  suddeatly  - probably  because  of  the  tremendous 
convection  set  up  by  the  blazing  city  - a whirlwind  ripped 
through  tho  park.  Huge  tree’s  crashed  down;  small  ones 
were  uprooted  and  flew  Into  tho  air.  Higher,  a wild 
array  of  flat  things  revolved  in  the  twisting  funnel. . 

The  vortex  moved  out  onto  the  river,  where  It  S'Jcked  up 
a water  spout  and  eventually  spent  itssU, 

e,  Surtsey  Volcano 

100,000 

<1 

100, 000 

Permanent  cloud  extending  to  heights  of  5 km  to 
' 9 km.  Continuous  sharp  thunder  and  lightning, 
visible  115  km  away.  (Fnenomenon  probably 
peculiar  to  volcano  cloud  with  many  small  ash 
particles).  Waterspouts  resulting  from  indraft 
at  cloud  base,  caused  by  rising  buoyant  doud. 

f.  Surtsey  Volcano 

200,000 

1 

200,000 

■Whirlwinds  (waterspouts  and  tornadoes)  are 
the  rule  rather  than  the  exception.  More  often 
than  not  there  is  at  least  one  vortex.downwind. 
Short  Inverted  cones,  or  long,  slneous  horizontal 
vortices  that  curve  back  up  into  the  cloud,  and 
intense  vortices  that  extend  to  the  ocean  surface. 

g.  Freneai  Meteotron 

700 

.0032 

219,000 

"artlolal  thunderstorms,  even  tornadoes.many 
cumulus  clouds. . . substantial  downpour.  Dust 
devils. 

h.  Meteotron 

3SO 

,016 

22,400 

15  minutes  after  starting  the  burners . observers 
saw  a whirl  40  meters  in  diameter.,  .whirlwind 
so  strong  burner  flames  were  Inclined  to  45°. 

1.  Single  large  cooling  tower 

2,250 

.0046 

484,000 

linkaowa 

J.  Array  of  large  cooling 
towers  (Kucl,  Park) 

72,000' 

4 

18,000 

Unlmawa 
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once-through  cooling  has  a major  advantage  over  the  other  cooling  methods. 
Although  cooling  lakes  and  ponds  could  be  placed  in  the  same  category  as 
once-through  cooling,  their  impacts  are  usually  larger  since  economics 
dictate  that  as  little  land  as  possible  should  be  devoted  for  these  methods. 

Other  atmospheric  impacts  include  fogging,  icing,  drift  and  vapor 
plumes  for  cooling  ponds,  lakes  and  cooling  towers. 


Ecological  Impacts 

Some  of  the  ecological  impacts  associated  with  temperatures  increases 
due  to  waste  heat  rejection  to  various  water  bodies  are  shown  in  Figure 
J.2.2-8. 

Water  eutrophication  is  a natural  phenomena  in  water  bodies.  It  is 
more  noticeable  in  lakes  and  reservoirs  which  do  not  have  a large  flow- 
through.' Most  lakes  gradually  become  more  fertile  with  the  passage  of  time. 
This  process,  known  as  eutrophication,  results  from  the  accumulation  of 
organic  wastes  and  the  addition  of  inorganic  nutrients  such  as  nitrogen 
and  phosphorus  from  the  surrounding  watershed.  [Brown-71]  Man  has  accel- 
erated this  process  by  addition  of  nutrients  in  sewage  waste.  Thermal 
discharges  may  further  accelerate  the  process  by  increasing  the  temperature 
of  the  upper  layers  of  the  v/ater  body,  promoting,  for  example,  algae  growth 
rate.  Eutrophication  eventually  results  in  lov/er  water  quality  through  a 
loss  in  oxygen  available  for  fish  that  inhabit  the  lower  levels  of  the 
water. 


When  an  ecosystem  is  placed  under  stress,  it  leads  to  reduction  in 
species  diversity.  The  species  that  are  more  tolerant  to  stress  (temper- 
ature increases)  survi'.c;.  Usually,  they  are  the  noxious  ones  (blue-green 
algae).  [Brown-71] 

Discharges  of  heated  effluent  to  rivers  that  host  species  of  fish 
which  migrate  to  spawn  may  produce  a thermal  block  to  the  movements  of 
such  species,  unless  care  is  taken  to  confine  the  area  of  temperature 
addition  to  a portion  of  the  river. 

Thermal  effects  of  a power  station  may  appear  even  though  the  tem- 
perature of  the  water  body  after  mixing  is  not  raised  materially.  Water 
which  passes  through  the  condenser  is  heated  considerably  in  a very  short 
time  interval.  Some  of  the  dissolved  oxygen  is  lost  from  the  water  as  it 
is  heated.  The  solubility  of  oxygen  in  water  decreases  with  increasing 
temperature. 

Free  floating  organisms  are  of  great  importance  in  the  aquatic  life 
of  estuarine  waters.  Studies  have  shown  that  such  organisms,  which  are 
entrained  in  the  water  because  they  are  small  and  free-floating,  do  not 
survive  passage  through  the  condenser  very  well. 
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The  factors  involved  in  an  analysis  of  the  effects  of  thermal  load- 
ing of  a particular  aquatic  system  are  very  complex,  and  no  single  index, 
such  as  change  in  fish  catch,  can  provide  an  adequate  testimony  to  the 
effects  of  a particular  installation. 


Impacts  From  Nuclear  Shipment  Accidents 

The  operation  of  nuclear  reactors  will  usually  require  the  trans- 
portation of  three  different  types  of  materials  to  and  from  reactor 
facilities.  Unirradiated  nuclear  reactor  fuel  elements  are  transported 
from  fuel  fabricators  to  the  reactor.  Irradiated  fuel  elements  and  nuclear 
waste  are  shipped  from  reactor  facilities  to  fuel  reprocessing  plants  and 
to  disposal  sites.  Also,  the  radioactive  products  of  the  spent-fuel 
reprocessing  plants  consist  primarily  of  recycled  nuclear  fuel  materials 
shipped  to  fuel  fabricators  or  processors  and  both  high  and  low-level 
waste  shipped  to  storage  or  disposal  sites. 

The  Department  of  Transportation  (DOT)  has  estimated  that  there  are 
nearly  one  million  shipments  of  nuclear  materials  each  year.  About  95% 
of  the  shipments  involve  small  quantities  of  nuclear  isotopes  for  use  in 
industry,  medicine,  agriculture,  and  education.  By  comparison,  the  total 
number  of  shipments  of  nuclear  materials  to  and  from  nuclear  power  plants 
in  1971  probably  numbered  only  a few  thousand  [Brobst-74]. 

Protection  of  the  public  and  transportation  workers  from  radiation, 
during  shipments  of  nuclear  fuel  and  waste,  is  achieved  by  limitations  on 
both  the  contents  and  the  package  design.  Because  nuclear  shipments  move 
in  routine  commerce  and  on  conventional  transportation  equipment,  they  are 
subject  to  normal  transportation  accident  environments. 

A highly  developed  and  sophisticated  system  of  protection  has  evolved 
for  the  transportation  of  nuclear  materials.  This  system  is  based  on  a 
simple  principle:  if  the  package  contains  enough  radioactivity  to  present  a 

significant  risk  of  injury  or  large  property  loss  if  released,  then  the 
package  (Type  B)  must  be  designed  to  retain  its  contents  during  severe 
transportation  accidents.  Lesser  quantities  of  radioactive  materials  do 
not  require  as  much  protection,  but  still  must’  be  packaged  in  high  quality 
packaging  (Type  A)  designed  to  withstand  less  severe  transportation 
accidents  [Brobst-74]. 

The  transportation  of  nuclear  materials  ts  subject  to  regulation  by 
both  DOT  and  the  NRC. 
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Nuclear  wastes  which  are  shipped  around  the  country  to  various 
processing,  storage,  or  burial  sites  fall  into  four  general  categories: 

(a)  low-level  wastes,  (b)  high-level  wastes,  (c)  alpha  wastes,  and  (d) 
other  waste. 

Low-level  wastes  contain  such  low  concentrations  or  quantities  of 
radioactivity  that  they  do  not  present  any  significant  environmental  hazards. 
High-level  wastes  are  solidified  wastes  from  the  reprocessing  of  highly 
irradiated  nuclear  reactor  fuels.  The  waste  is  inert,  immobile,  solid 
material  which  is  nonexplosive,  non-combustible,  and  cannot  turn  to  gaseous 
form  and  become  airborne.  Alpha  wastes  usually-  consist  of  materials  which 
are  contaminated  with  alpha  radiation  emitters  such  as  plutonium.  0ther 
wastes  are  predominantly  of  the  beta-gamma  type,  such  as  the  irradiated 
reactor  structural  components. 

Shipments  of  nuclear  material  during  1985  will  be  nation='Wide, 
but  will  predominantiy  be  in  the  eastern  part  of  the  United  States.  The 
number  of  shipments  and  quantities  of  waste  are  given  in  Table  5.2.2-14. 

For  truck  accidents,  the  injury  rate  is  about  0.65  injuries- per 
accident  and  the  death  rate  is  about  0..03  deaths  per  accident.  The  accident 
rate  for  shipments  is  about  1.7  accidents  per  million  truck  miles  and  about 
0.53  accidents  per  million  truck  miles  for  hazardous  materials  shipment 
[DOT-74],  The  accident  rate  for  rail  accidents  is  about  1.5  accidents 
per  million  car  miles.  There  are  about  2.4  injuries  per  accident  and  about 
0.26  deaths  per  accident.  These  statistics  are  for  1972  [DOT-73]. 

To  date  there  have  been  no  injuries  or  deaths  of  radiological  nature 
due  to  the  transportation  of  nuclear  materials.  There  have  been  a few_ 
cases  of  truck  drivers  being  killed  or  injured  as  a result  of  a collision 
or  overturn  of  vehicles  carrying  nuclear  materials.  In  none  of  these 
accidents,  however,  was  there  any  release  of  nuclear  materials  from  Type  B 
packages. 

In  recent  years,  DOT  has  recorded  an  average  of  8000  to  9000  inci- 
dents per  year  involving  the  transportation  of  hazardous  materials  in  which 
15  to  20  involve  nuclear  materials  EBrobst-74].  Almost  all  of  these  inci- 
dents involved  Type  A packages.  In  about  two-thirds  of  these  cases,  there 
was  no  nuclear  material  released  from  the  packages.  In  a few  percent  of 
the  cases,  there  was  significant  contamination  requiring  cleanup.  The 
cleanup  costs  ran  into  the  thousands  of  dollars. 

In  a 1972  study  [AEC-72-1],  the  Atomic ■ Energy  Commission  (now  NRC) 
estimated  that  under  normal  conditions  of  spent  fuel  and  radioactive  waste 
shipment,  each  truck  driver  could  receive  a radiation  dose  of  as  much  as 
30  mrem  per  shipment.  A few  members  of  the  general  public  could  receive 
as  much  as  1 mrem  per  shipment.  By  comparison,  the  average  annual  exposure 
from  other  sources  (such  as  natural  radioactivity  of  the  earth,  medical 
exposures,  and  cosmic  radiation)  is  about  150  mrem. 
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Based  on  DOT  accident  statistics,  we  can  calculate  how  many  accidents 
involving  nuclear  shipments  might  be  expected  each  year.  Assuming  100,000 
truck-miles  per  year  of  transportation  for  each  nuclear  pov/er  plant  and 
with  190  such  plants  by  1985,  one  can  expect  about  10  accidents  per  year 
involving  nuclear  reactor  shipments.  Those  accidents  will  produce  24 
injuries  per  year,  and  about  3 deaths  per  year.  In  the  case  of  rail  ship- 
ments, assuming  15,000  railcar  miles  per  year  per  reactor,  there  might  be 
about  5 accidents  with  11  injuries  and  11  deaths  per  year.  These  deaths  and 
injuries  would  not  be  related  to  the  nuclear  nature  of  the  shipments. 

The  vast  majority  of  accidents  involving  nuclear  shipments  will  result 
in  no  release  of  nuclear  materials,  or  injury  or  death  due  to  radiation. 
According  to  another  AEG  study,  only  about  one  transportation  accident 
in  every  two  million  could  be  violent  enough  to  cause  a large  enough  cask 
break  to  present  a serious  public  hazard. 


Impacts  From  High-Level  Waste  Management 

High-level  nuclear  waste  originates  when  fuel  discharged  from  a 
nuclear  reactor  is  reprocessed  to  recover  the  unused  fuel  and  the  fis- 
sile isotooes  (olutonium)  produced.  Chemical  dissolution  and  treatment 
of  the  spent  fuel  yields  an  acidic  aoueous  solution.  Typical  constituents 
of  the  high-level  waste  (solvent  extraction  method)  are  shown  in  Table 
J. 2. 2-22  [AEC-74-1T.  Estimated  Quantities  of  high-level  waste  for  1985 
are  included  in  Table  0.2.2-14. 

Burial  in  a deep  geologic  formation,  such  as  salt,  would  free  man 
from  the  burden  of  continuing  surveillance  and  control.  The  potential  ad- 
vantage of  salt  over  other  rock  types  as  a medium  for  waste  disposal  of 
high-level  radioactive  waste  is  the  stability  shown  over  many  several 
hundred  of  millions  of  years.  Being  soluble  in  water,  the  very  presence 
of  salt  in  mass-ive  bodies  beneath  the  ground  attest  to  the  fact  that 
salt  has,  in  general,  been  isolated  from  circulating  ground  waters  for 
this  period  of  time.  For  any  form  of  geologic  storage,  it  is  only  through 
transport  in  ground  water  that  buried  solidified  wastes  could  come  into 
contact  with  man's  environment  [AEC-74-1]. 

Interim  storage  for  periods  of  up  to  30  years  indicates  3 cost  of 
about  0.015  mill/kwhe.  For  a 50-year  storage  period,  a cost  of  approx- 
imately 0.025  mill/kwhe  seems  reasonable.  [Kubo-73] 

Table  0.2.2-22  indicates  that  the  total  amount  of  fission  products 
(not  including  uranium)  is  approximately  30-kg  per  metric  ton  of  fuel. 
Assuming  a fuel  reprocessing  load  of  23  metric  tons/year/GWe,  (Table, 
0.2.2-14)  this  gives  about  690  Kg  of  high  level  waste  per  year  per  GWe. 
Using  a density  of  1 gram  per  cc  for  solified  high-level  waste  (a  con- 
servative value),  it  t4EC-74-l(]  yields  a volume  of  690  1 iters/year/GWe. 
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TABLE  J,.2.2-22.  TYPICAL  MATERIALS  IN  HI-LEVEL  LIQUID  WASTE  EAEC-74-1] 

Grjiiis/MT  from.  Reactor  Tyne^^^ 


Material 

LMFBR^®^ 

Reprocess i ng 
Chemicals 

Hydrogen 

400 

3,800 

1,300 

Iron 

1,100 

1 ,500 

26,200 

Nickel 

100 

400 

3,300 

Chromium 

200 

300 

6,900 

Silicon 

-- 

200 

-- 

Li  thium 

200 

— 

Boron 

1 ,000 

Molybdenum 

— 

40 

-- 

Aluminum 

— 

6,400 

Copper 

-- 

40 

-- 

Borate 

-- 

-- 

98,000 

!ii  tra  le 

65,800 

435,000 

244,000 

Phiispha  te 

900 

-- 

__ 

Su  1 f •:  to 

-- 

1,100 

— 

Fluoride 

-- 

1,900 

-- 

Sub- total 

■'6T!7!SDfl' 

-TSTTflOO’ 

380,000" 

Fuel  Product 

Losseslf >9) 

Urani urn 

4,800 

250 

4,300 

Thorium 

-- 

4,200 

— 

P] utonium 

40 

1 ,000 

500 

Sub- total 

4,840 

5,450 

4,800 

Transuramc 

Elements\9) 

fieptuni  uiii 

480 

1,400 

260 

Ameri  ci  uni 

140 

30 

1,250 

Curium 

40 

10 

50 

Sub-total 

660 

1 ,440 

1,660 

other  Actinides^S) 

<0.001 

20 

<0.001 

Total  Fission 

Products 

28,800 

79,400 

33,000 

TOTAL 

103,000- 

538,000 

419.000 

a.  Water  content  is  not  shown;  all  quantities  are  rounded. 

b.  Most  constituents  are  present  in  soluble,  ionic  form. 

c.  U-235  enriched  PWR,  using  378  liters  of  aqueous  v/aste  per  metric  ton,  3300C 
MWd/MT  exposure-  (Integrated  reactor  power  is  expressed  in  niegawatt-days 
[Mwd]  per  unit  of  fuel  in  metric  ton’s  [MTj.l 

d.  Combined  waste  from  separate  reprocessinn  of  "frosh“  fuel  and  fertile  particies, 
using  3,785  liters  of  aqueous  waste  per  metric  ton,  94,200  I-'Wd/MT  exposure. 

e.  Mixed  core  and  blanket,  with  boron  as  soluble  poison,  10"  of  cladding  dissolved, 
1,249  liters  per  metric  ton,  37,100  MWd/Ml  average  exposure. 

f.  0.5S  product  loss  to  waste. 

g.  At  time  of  reprocessing. 

h.  Volatile  fission  products  (tritium,  noble  gases,  iodine  and  bromine)  excluded. 
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Based  on  approximately  1060  GWe-years  (from  Figure  0.2.2-1),  the  amount 
of  solidified  high-level  waste  that  will  accumulate  between  1975  and 
1985  is  around  24,000  cubic  feet.  Considering  the  relatively  small 
amounts  of  high  level  waste  that  are  being  generated  presently,  the 
wastes  can  be  stored  at  individual  power  plants  until  a repository  be^. 
comes  available. 


Technological  Impacts 

The  technology  for  oroviding  the  nuclear  fuel  cycle  requirements 
is  available.  Improvements  in  the  gaseous  diffusion  process  will  increase 
the  capacity  for  fuel  enrichment  after  the  Cascade  Up-grading  Program 
and  Cascade  Improvement  Program  are  implemented.  The  introduction  of 
the  gas  centrifuge  will  constitute  a technological  asset  since  it  is 
less  energy  intensive  than  the  gaseous  diffusion  process. 

The  decision  to  recycle  plutonium  has  been  postponed  until  1978. 

If  plutonium  recycle  is  favorably  considered,  then  greater  safety  must 
be  emphasized  in  the  fuel  cycle.  This  is  due  to  public  health  and  safety 
implications  resulting  from  plutonium  diversion  or  theft. 

Long  storage  of  high-level  nuclear  waste  is  under  research  and 
development  and  an  acceptable  disposal  method  is  not  expected  to  be 
available  before  1995. 

Some  nuclear  reactors  of  the  boiling  water  type  have  been  experi- 
encing dffftcultfes  with  respect  to  vibrations  in  the  reactor  core. 

As  a result,  their  power  level  has  been  degraded  to  50  percent  of  the 
maximum. 


Social/Political  Impacts 

Nuclear  energy  industry  growth  would  be  unlikely  in  the  case  of  a 
serious  nuclear  accident.  Social  pressure,  at  a higher  level  than  now 
exists,  could  create  a moratorium  on  nuclear  power  plant  construction. 

The  provisions  of  the  Price-Anderson  Act,  regarding  Insurance  and  indem- 
nity agreements  by  the  Federal  government  to  cover  damages  by  a nuclear 
accident  ($500  million),  may  not  be  sufficient  to  cover  medical  expenses, 
loss  of  income  and  the  various  damages  which  might  occur.  In  addition, 
there  are  presently  no  provisions  for  damages  produced  by  misuse  of 
nuclear  materials  at  locations  other  than  nuclear  plants  and  planned  trans- 
portation routes. 

Some  of  the  proposed  legislation  to  regulate  the  nuclear  industry 
may  have  a negative  impact  if  approved.  For  example,  the  Nuclear  Energy 
Reappraisal  Act  (HR  4971)  terminates  the  granting  of  construction  licenses 
for- nuclear  power  plants  pending  action  by  Congress  after  a five-year 
study  by  the  Office  of  Technology  Assessment.  This  bill  is  still  in  com- 
mittee. [NN-75,  55] 
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The  public  opinion  is  highly  polarized  with  respect  to  the  issues 
concerning  nuclear  power.  The  intervening  groups  have  effectively  chal- 
lenged the  construction  of  power  plants  at  the  local  and  federal  level. 
As  a result,  construction  schedules-  in  many  plants  have  been  delayed. 


Pending  Legislation  (see  also  Appendix  N) 


The  future  of  the  nuclear  electric  industry  depends  to  a large  extent 
on  the  public  attitude  toward  this  source  of  energy.  In  spite  of  the  fact 
that  the  nuclear  industry  is  one  of  the  most  regulated  activities  in  this 
country,  a lot  of  issues  are  still  being  debated  at  the  local  and  national 
level.  Legislation  has  been  proposed  to  expedite  the  growth  of  nuclear 
power  while  other  proposals  tend  to  counteract  the  former  by  limi„ting_ 
various  activities  and  programs  which  are  vital  to  the  future  of  this  industry. 


Major  nuclear  legislation  of  the  94th  U.S.  Congress  which  was  not 
considered  in  Chapter  10  is  presented  in  this  appendix.  These  are  summarized 
and  listed  below  £NN-75]. 


Bill  Number 


Description 


H.R.  2650  Energy  Independence  Act  of  1975. 

(S,  594)  Alters  regulatory  practices  related 

to  electric  utilities,  and  early 
site  work  under  some  circumstances. 


H.R.  3618, 
H.R.  6394 


Plutonium  Recovery  Control  Act 
of  1975.  Prevents  licensing  of 
power  reactors  using  recycled 
plutonium  pending  a three-year 
study  by  the  Office  of  Technology 
Assessment  (OTA). 


S.  1197  Plutonium  Recovery  Control  Act 

of  1975.  This  is  similar  to 
H.R.  3618  but  does  not  specify  a 
time  limit  for  the  OTA  study. 


H.R.  3995  Nuclear  Facility  Licensing  Act. 

Provides  for  early  and  separate 
site  reviews  and  licensing,  allows 
combi ned  constructi on/operating 
permit  for  pre-approved  plants  for 
licensed  sites,  allows  technical 
aid  to  interveners,  ends  mandatory 
hearing  for  construction  permit. 
This  is  nearly  identical  to  S.  1717 
(H.R.  7002) 
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Bin  Number 


S.  1439 


S.  166' 


Descn'  pti  on 

Export  Reorganization  Act  of  1975. 
Requires  NRC  to  certify  that  a 
country  importing  nuclear  facilities 
and  materials  from  the  U.S.  has 
safeguards  at  least  comparable  to 
those  of  NRC. 

Public  Interveners  Assistance  Act. 
Provides  public  funding  to  inter- 
veners who  demonstrate  {to  NRC) 
both  a financial  need  and  a contri- 
bution to  the  nuclear  licensing 
proceeding. 


All  these  bills  are  still  presently  under  committee  consideration. 


J.2.3  IMPROVE  OPERATIONS  OF  PUBLIC  UTILITIES 

The  technical  and  economic  future  of  the  electrical  utilities  will 
be  addressed. 


0.2. -3.1  THE  TECHNOLOGY 


In  a summary  of  the  specific  types,  technical  requirements  and  cost 
of  installing  equipment  associated  with  direct  or  indirect  management  of 
electric  demand  are  presented.  The  equipment  represents  options  whose 
preliminary  evaluation  indicates  a need  for  further  study.  The  equipment 
falls  into  the  following  four  categories: 


Energy  Storage  Equipment  — Such  equipment  may  be  used  v/ith 
either  direct  or  indirect  methods  of  load  management. 


Equipment  Permitting  Off-peak  Operations  Without  Energy  Storage  -- 
In  continuous  operations,  additional  production  equipment  would 
usually  be  needed. 


Utility  Control -Related  Equipment  — Such  equipment  is  needed 
only  with  direct  methods  of  load  management.  It  would  normally 
be  installed  by  the  utility  expert,  in  some  cases,  for  rewiring 
needed  on  the  customer  side  of  the  meter  to  isolate  circuits 
being  controlled  from  uncontrolled  circuits. 


Revenue  Metering  Equipment  — Revenue  metering  equipment  capable 
of  distinguishing  between  KWH's  consumed  on-peak  and  KWH  s 
consumed  off-peak. 
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Those  techniques  related  to  the  utility  Industry  directly  are  discussed 
In  this  section.  Those  related  directly  to  the  sectors  are  Included  below. 

Electric  utility  experience  with  pumped  hydro  storage  has  demonstrated 
that  large-scale  storage  of  energy  can  result  in  significant  operating  and 
economic  advantages  for  electric  power  systems.  These  advantages,  and  the 
potential  for  conservation  of  scarce,  h1gh-aual1ty  fossil  fuels,  have  gen- 
erated much  interest.  They  appear  to  broaden  the  applicability  and  increase 
the  usefulness  of  energy  storage {see  Figure  J.2.3.1-1). 

Sharply  increased  fuel  prices  create  a heavy  penalty  for  older,  inef- 
ficient equipment.  Natural  gas  as  well  as  high  quality  distillate  fuels  are 
becoming  less  available  and  more  costly.  Thus,  incentives  are  growing  rapidly 
to  use  base  load  plants  to  also  provide  the  electric  energy  now  generated  by 
peaking  and  intermediate  equipment  — an  approach  which  requires  storage  of 
off-peak  energy  generated  by  base  load  plants.  The  use  of  energy  storage 
in  "peak  shaving"  is  illustrated  in  Figure  iL2.3.1-2'i. 

Table  J.2.3.1-1  illustrates  the  characteristics  of  various  generating 
and  storage  systems.  [EULMC-74]  The  probable  minimum  economic  size  is 
expressed  in  MWH,  the  approximate  capital  cost^in  dollars/KW,  the  potential 
efficiency  and  the  energy/unit  volume  in  KWH/m"^  are  depicted  for  six  main 
types  of  storage  systems.  These  are  the  underground  pumped  hydro,  compressed 
air  storage,  batteries,  hydrogen  storage,  superconducting  magnets,  and  super- 
flywheels. It  can  be  seen  that  in/out  storage  efficiencies  vary  from  45%  to 
85%.  Table  J. 2. 3. 1-2  provides  a comparison  of  these  storage  concepts  based 
on  a few  solution  criteria.  [EULMC-74]  It  is.  important  to. note  that  the 
storage  systems  are  capable  of  conserving  energy  through  the  substitution  of 
nuclear  fuel  and  coal  for  fuels  such  as  distillates  used  for  combustion _ 
turbines.  Moreover,  combustion  turbines  are  less  efficient  than  an  efficient 
storage  device  storing  energy  from  a highly  efficient  base  load.  The  inter- 
ested reader  is  referred  to  [Kal hammer-74]  on  the  potential  of  most  of  the 
above  mentioned  storage  systems  in  electric  utility  systems. 

The  three  most  attractive  storage  technologies  are  pumped  hydro, 
compressed  air,  and  primary  batteries. 

Underground  pumped  hydro  -has  been  considered  in  combination 
with  the  storage  in  caverns  of  storm  drainage  waters  of  certain 
cities.  The  concept  requires  an  upper  reservoir  for  the  pumped 
storage  as  well  as  the  underground  reservoir  to  receive  the 
storm  waters.  Benefits  of  the  concept  include  the  anti -flooding 
provision  of  drainage  into  the  lower  reservoir,  conservation 
of  flood  waters,  location  of  the  pumped  storage  plant  practi- 
cally at  the  load  center,  and  possible  use  of  the  above  ground 
reservoir  for  recreational  purposes  (if  fluctuation  of  its 
level  were  sufficiently  minimal.)  The  required  R and  D mainly 
would  be  [FPG-74]  investigation  of  excavation  of  underground 
caverns,  particularly  with  respect  to  the  geological  and  seismic 
conditions  at  sites  for  cities  considering  this  concept. 


LOAD,  % OF  CAPACITY 
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ELECTRIC  UTILITY  LOAD  LEVELING 


AT  CONSUMER 


INDUSTRY 


RESIDENTIAL/ COMMERCIAL 


Thermal 

, Interruptible  Power 

. Heating  Storage  . Permanent  Shifting  of 

. Cold  Storage  loads  to  off-peak 

. Peak  Self-Generation 
. Storage  Systems 


AT  UTILITY 


Energy  Storage  Systems 
(Types  and  Efficiencies) 

. Pumped  Storage  65% 

. Compressed  Air  75% 

. Heat  Storage  85% 

. Hydrogen  Storage  50% 


FIGURE  J. 2.3. 1-1  UTILITY  ENERGY  STORAGE 


FIGURE  J,. 2. 3. 1-2.  USING  ENERGY  STORAGE  IN  GENERATION  MIX 


TABLE  J. 2. 3.1-1.  CHARACTERISTICS  OF  VARIOUS  GENERATING  AND  STORAGE  SYSTEMS,  [EULMC-74] 


TYPE 

PrOBAbL'E  MINIMUM  APPROXIMATE 

ECONOMIC  CAPITAL  COST 

SIZE  (MWh)  ($  KWl 

POTENTIAL 
EFFICIENCY  % 

LIKELY  ENERSY/ 
UNIT  VOLUME 
fKWh/m^) 

EXPECTED 

LIFE 

(years) 

1,  Underground  Pumped 
Hydro 

10,000 

200 

65 

2 

50 

2.  Compressed  Air  Storage 

200 

230 

45 

4 

20 

3.  Batteries 

10 

150 

75 

250 

20 

4.  Hydrogen  Storage 

10 

300 

50 

30 

5.  Superconducting  Magnets 

10,000 

700 

85 

20 

30 

6.  Superflywheel 

10 

400 

85 

35 

30 

7.  Combustion 
Turbine 

50  MW 

120 

24 

20 

8,  Steam  Cycle 
Plant 

. 500  MW 

350 

37 

30 

TABLE  0.2.3. 1-2.  RELATIVE  MERITS  OF  STORAGE  CONCEPTS  (0  to  3 WITH  3 THE  HIGHEST),  [EULMC-74] 


CRITERIA 

UNDERGROUND 

PUMPED 

HYDRO 

COMPRESSED 

AIR 

storage 

BATTERIES 

HYDROGEN 

STORAGE 

SUPER- 

CONDUCTING 

MAGNETS 

SUPER- 

FLYWHEELS 

Economic  Feasibility 

3 

3 

3 

1 

0 

2 

Environmental 

Compatibility 

1 

1 

3 

3 

3 

3 

Impact  on  Material 

Resources 

3 

3 

2 

2 

1 

3 

Siting  Flexibility 

1 

1 

3 

2 

2 

3 

Operating 

Availability 

3 

1 

3 

3 

1 

2 

Construction 

Lead  Time 

1 

1 

3 

2 

2 

2 

Safety 

3 

2 

2 

2 

2 

2 

Power  System 

Compatibility 

2 

2 

3 

3 

2 

2 

Impact  on  Fuel 

Resources 

2 

I 

3 

2 

3 

3 
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Compressed  air  storage  would  use  a modified  gas  turbine,  a 
separate  compressor,  and  a generator.  The  compressor  would 
be  driven  by  the  generator  operating  as  a motor  during  off- 
peak  periods  to  store  air  in  a suitable  space  underground. 

During  periods  of  peak  load  on  the  electric  system,  the  stored 
compressed  air  would  be  burned  with  fuel  in  the  gas  turbine 
to  drive  the  generator.  The  required  R and  D relates  mainly 
to  adopting  and  modifying  existing  equipment  for  air  storage. 
This  is  likely  to  be  accomplished  by  industry  as  commercial 
opportunities  arise.  Geological  survey  work  for  suitable 
sites  and  investigation  of  energy  losses  in  storing  and  moving 
air  are  also  needed. 

Storage  batteries  appear  to  be  one  of  the  likeliest  energy 
storage  technologies  to  reach  fruition.  But  so  far  no  battery 
exists  whose  performance  and  costs  are  adequate  to  compete 
with  pumped  hydro  storage.  EPRI's  battery  program  is  directed 
toward  potentially  cost-competitive  advanced  batteries  based  on 
the  sodium-sulphur,  lithium-iron  sulfide,  and  zinc  chlorine 
electrochemical  systems.  The  possibility  of  engineering  lead- 
acid  batteries  into  near  term  utility  energy  storage  systems 
is  also  under  assessment,  by  EPRI. 

In  general,  there  are. three  possible  duty  cycles  that  can  be  used  for 
the  operation  of  rechargeable  storage  batteries  [El-Badry-74]: 

■ 

The  daily  cycle  — the  storage  system  is  charged  at  night  and 
during  the  early  morning  hours  and  discharged  during  the  peak 
load  period.  This  cycle  requires  the  minimum  energy  storage 
capacity;  however,  it  does  not  utilize  all  the  available  off- 
peak.  energy. 

The  weekly  cycle  — the  storage  system  is  charged  on  the  week- 
end and  also  during  the  off-peak  periods  of  the  weekdays  and 
discharged  during  the  peak  load  periods  of  the  weekdays.  The 
weekly  cycle  requires  more  than  twice  the  energy  storage  capa- 
city needed  for  the  daily  cycle,  but  it  would  utilize  most 
of  the  available  off-peak  energy. 

The  seasonal  cycle  --  the  storage  system  is  charged  during 
v/eekends  and  weekdays  all  year  and  only  discharged  when 
system  peak  loads  occur.  This  is  usually  during  the  summer 
(but  possibly  the  winter)  season.  This  cycle  is  capable  of 
utilizing  all  the  available  off-peak  energy,  although  it 
requires  a prohibitive  amount  of  storage  capacity. 


In  considering  the  installation  of  rechargeable  storage  battery 
capacity,  energy  capacity  (KWH)  as  well  as  power  capacity  (KW)  must  be 
considered.  For  example,  any  given  amount  of  available  off-peak  energy 
could  be  utilized  with  a number  of  different  KWH/KW  capacity  combinations. 
The  optimum  amount  of  installed  battery  capacity  on  any  electric  power 
system  is  a function  of  the  load  shape,  the  amount,  distribution,  and 
cost  of  available  off-peak  energy,  and  the  desired  mode  of  operation  or 
duty  cycle.  Table  J. 2. 3. 1-3  illustrates  a summary  of  rechargeable  storage 
battery  installed  capacity: 

The  cost  of  battery  capacity  is  an  important  element  in  this  study 
and  is  usually  represented  in  terms  of  dollars  per  kilowatt  hour  of 
storage  capacity.  Capital  costs  of  present  day  battery  systems  are  in 
the  order  of  approximately  $50/KWH.  Projected  capital  costs  of  advanced 
design  battery  systems  currently  under  development  have  been  projected 
to  be  in  the  order  of  $20/KWH.  It  is  interesting  to  compare  the  cost  in 
$/KW  for  a battery  storage  system  with  the  installed  capital  costs  for 
gas  turbines  and  pumped  hydro  storage.  The  installed  capital  costs  for  gas 
turbines  and  pumped  storage  hydro  range  from  $100  to  $150/KW  and  $200  to 
$300/KW  respectively.  The  estimated  base  Installed  cost  for  an  advanced 
technology  lead-acid  battery  system  is  $300/KW.  [Brown-74]  This  figure 
is  based  on  a ten  hour  battery  system. 

Studies  show  that  the  larger  storage  capacity  requirements  of  the 
weekly  cycle  could  economically  limit  the  application  of  storage  batteries 
in  electric  power  systans  to  the  daily  cycle  operation. 

Among  the  primary  advantages  of  battery  storage  systems  are: 

Short  lead  time 

Improved  utility  load  factor 

Remote  operation 

Inner  city  siting 

Low  maintenance  cost 

Rapid  dispatch 

Transmission  savings 

The  disadvantages  are: 

Relatively  high  capital  cost  at'  present 
Short  life 

Limited  storage  capacity 

Inverter  cost  and  electromagnetic  interference 
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TABLE  J.2.3.1-3 

RECHARGEABLE  STORAGE  BATTERY  CAPACITY 


Duty  Cycle 

Battery  Conversion 
Efficiency  in  Percent 

Installed  Battery 
Power  Capacity  in 
Percent  of  Total 
Systeni  Installed  Capacit. 

Daily 

75 

9 

100 

12 

Weekly 

75 

15 

100 

20 
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Advanced  Transmission  Systems 

Cryogenic  systems  operate  at  temperatures  much  below  ambient  in  order 
to  take  advantage  of  the  fact  that  the  electrical  resistance  of  a metal 
diminishes  as  its  temoerature  is  lowered.  Although  the  ohmic  losses  in 
the  conductor  are  reduced,  this  benefit  is  partially  offset  by  the  refrigera- 
tion that  is  required  to  remove  the  heat  leaking  in  from  the  outside  and  the 
residual  losses  which  appear  as  heat  dissinated  at  the  low  temperature.  Since 
refrigeration  requires  a significant  amount  of  power,  care  is  required  to 
insure  that  there  is  a net  reduction  in  the  losses  of  the  system.  Economic 
analysis' shows , however,  that  energy  losses  are  not  significant  contributors 
to  operating  costs.  Rather  it  is  important  that  cryogenic  systems  have 
lov/er  installed -capital  costs  since  these  dominate  the  overall  costs. 

Cryogenic  systems  are  of  two  types:  cryoresistive  and  superconduct- 

ing. In  the  former,  the  resistance  of  the  metal  remains  finite  although 
it  is  considerably  reduced  below  its  value  at  room  temperature;  in  the 
latter  the  DC  resistance  of  the  material  becomes  identically  zero  when  the 
metal  becomes  superconducting,  although  certain  losses  remain  when  the 
metal  is  exposed  to  alternating  currents  and  electromagnetic  fields. 

Two  types  of  cryoresistive  cable  systems  have  been  proposed,  both 
of  which  operate  at  approximately  80°K  and  are  cooled  by  liquid  nitrogen. 

In  one,  stranded  flexible  aluminum  conductors  are  insulated  in  a manner 
similar  to  a classical  oil-paper  cable.  The  three  phases  are  contained 
within  a cryogenic  enclosure  through  which  flows  liquid  nitrogen  as  the 
coolant  and  impregnant.  This  type  of  system  is  proposed  for  high  power 
operation  at  approximately  3500  MW.  The  second  cryoresistive  system  con- 
sists of  three  hollow  rigid  phase  conductors  mounted  within  a single 
vacuum  envelope.  The  vacuum  provides  both  thermal  and  electrical  insula- 
tion between  the  phase  conductors  and  between  the  conductors  and  the 
enclosure.  The  coolant  flows  inside  the  conductors.  It  is  claimed  that 
this  design  permits  simple  fabrication  and  inexpensive  assembly.  It  is 
designed  for  a capacity  of  1000  MW  at  230  kV,  but  can  be  expanded  to  2000 
MW  by  the  addition  of  three  refrigerators  to  the  original  single  unit. 

Both  types  of  cryoresistive  systems  have  gone  through  experimental  stages 
and  are  approaching  demonstration  project  status.  [FPC-73] 

Two  superconducting  AC  systems  are  now  under  development  in  the  U.  S. 

In  one  design,  three  coaxial  phase  systems,  in  which  the  niobium  super- 
conductor is  plated  upon  copper  tubes,  are  arranged  in  trefoil.  The  liquid 
helium,  acting  as  coolant  and  dielectric,  flows  between  each  phase  conductor 
and  its  shield.  The  whole  is  contained  within  the  double-walled  vacuum 
cryogenic  enclosure.  The  system  is  rigid  and  its  field  installation  involves 
approximately  8 vacuum- tight  or  superconducting  connections  at  50  foot  inter- 
vals. The  second  superconducting  system  more. closely  resembles  a cryogenic 
version  of  the  pipe- type  cable.  The  cryogenic  enclosure  is  assembled  in 


sections  and  into  it  is  pulled  a flexible  superconducting  cable  in  which  the 
three  phases  are  insulated  from  one  another  by  plastic  tape.  Both  systems 
operate  at  approximately  5°K.  At  this  temperature,  the  power  requirements 
and  the  capital  costs  of  the  refrigeration  systems  are  high.  For  example, 
approximately  400  watts  input  power  are  required  for  each  thermal  watt 
that  must  be  extracted  at  4°K.  The  refrigerator  adds  substantially  to  the 
cost  and  hence  it  is  essential  that  the  AC  losses  and  the  heat  leak  into 
the  cryogenic  conductors  be  reduced  to  the  minimum  in  superconducting 
systems.  [ERC-72]  Table  0,2. 3. 2-4  shows  the  Alabama  Power  Company  Income 
Statement  (1973). 

Because  the  current  ratings  of  proposed  cryogenic  resistive  and  super- 
conducting AC  cables  are  substantially  greater  (3  to  5 times  or  more)  than 
those  of  conventional  underground  cables  or  overhead  lines,  presently  avail- 
able circuit  breakers  are  inadequate  by  a wide  margin  for  protection  of  the 
superconducting  or  cryogenic  cables.  Thus,  major  advances  in  circuit 
breaker  technology  are  essential  if  integration  of  proposed  superconducting 
or  cryogenic  cables  into  existing  power  systems  is  to  be  considered.  Further- 
more, the  research  and  development  on  circuit  breaker  technology  must  proceed 
apace  with  the  work  on  cables.  Otherwise,  successful  development  of  lines 
will  not  lead  to  their  system  use.  Similar  problems  may  exist  with  other 
terminal  equipment  such  as  potheads,  surge  suppressers,  disconnect  switches, 
etc.  It  is  essential  to  make  comprehensive  studies  of  proposed.new  trans- 
mission technologies  to  identify  the  problems  of  auxiliaries  and  the  costs 
of  integrating  new  transmission  technologies  into  existing  power  networks. 


J.2.3.2  THE  ECONOMICS 

Considerable  discussion  of  utilities'  economic  health  is  going  on. 
Chapter  1 and  Appendix  M as  well  as  this  appendix  and  Chapter  10  contain 
information  on  the  economic  problems  confronting  utilities. 


0.3  ACTIONS  IN  OTHER  SECTORS 
0.3,1  INDUSTRY 

Increased  efficiency  is  a benefit  of  electrification. 


0.3.2  TRANSPORTATION 

In  order  to  utilize  appreciable  electricity,  the  transportation  sector 
would  have  to  be  completely  redesigned.  The  potential  for  efficiency 
improvements  is  very  large  by  electrification  of  transportation. 


TABLE  0 .2. 3. 2-4 


ALABAMA  POWER  COMPANY  INCOME  STATEMENT 


1973  CAPCSR-74] 


OPERATING  REVENUES  - ELECTRIC 
OPERATING  EXPENSES  - ELECTRIC; 

Operation 

Fuel 

Purchased  and  Interchanged  power,  net 
Other 

Maintenance 

Depreciation  and  amortization 
Taxes  other  than  income  taxes 
Income  taxes 
Federal 
State 
Deferred 

Deferred  in  prior  years , credit 
Investment  tax  credit 
Total  income  taxes 

Total  operating  expenses 
OPERATING  INCOME  - ELECTRIC 
OTHER  INCOME  AND  DEDUCTIONS: 

Allowance  for  funds  used  during  construction 
Dividends  from  SEGCO 
Other,  net 

INCOME  before  INTEREST  CHARGES 
INTEREST  CHARGES: 

Interest  on  first  mortgage  bonds 
Other  interest  expense 

Total  interest  charges 
INCOME  BEFORE  EXTRAORDINARY  ITEM 
EXTRAORDINARY  ITEM: 

Dividends  from  SEGCO  paid  from  earnings 
accumulated  prior  to  January  1,  1963 
NET  INCOiE 

DIVIDENDS  ON  PREFERRED  STOCK 

NET  INCOME  AFTER  DIVIDENDS  ON  PREFERRED  STOCK 


396; 841 


84, 

573 

17, 

140 

57, 

240 

26, 

419 

40, 

605 

30, 

241 

23, 

869 

779 

19, 

252 

2, 

171- 

2, 

347 

44, 

076 

300, 

294 

96. 

547 

23. 

871 

1. 

919 

7, 

990 

130, 

327 

50, 

441 

5, 

031 

55. 

472 

74, 

855 

74, 

855 

9, 

766 

65, 

089 
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a. 3. 2.1  FIXED  RAIL 

Some  of  the  high  speed  passenger  railway  lines  in  the  United  States 
are  now  driven  electrically.  However,  less  than  one  per  cent  of  the 
220,000  track  miles  have  been  electrified.  This  is  compared  with  electri- 
fied railway  systems  in  some  other  nations,  such  ,as  13,000  route  miles  in 
Russia,  6,000  miles  in  Japan,  6,000  in  Italy,  5,000  in  France  and  4,700 
in  Sweden.  The  reasons  for  this  lack  of  U.  S.  railway  electrification  are 
noted  as: 


Competition  from  other  modes  and  insufficient  traffic  to 
warrant  electrification. 

Insufficient  interest  from  electric  power  suppliers  and  the 
railroad  managements. 

Lagging  electrification  technology  compared  with  advanced 
diesel -electric  locomotives. 

High  capital  electrification  cost. 

An  abundance  of  cheap  diesel  fuel  (until  the  current  energy 
shortage) . 

In  an  electric  economy  where  the  primary  energy  is  supplied  by  nuclear 
fuels  and/or  coal,  railway  electrification  becomes  a vital  issue.  It 
appears  that  those  routes  enjoying  a sufficiently  high  freight  density  to 
warrant  the  high  capital  cost  should  be  electrified.  The  remainder  could 
be  powered  by  hydrogen,  a fuel  product  of  the  electric  economy. 

Some  obstacles  to  railroad  electrification  seem  to  be: 

The  inflexibility  of  the  electric  locomotive  (it  can  only 
operate  under  an  electric  wire). 

Reluctance  of  railroads  to  depend  on  other  companies  (e.g.,  an 
electric  utility)  for  its  source  of  power,  particularly  when  the 
utilities  have  not  appeared  interested. 

Uncertainty  regarding  future  cost  of  electric  power  vs.  other 
alternative  fuels. 

Present  large  investment  in  diesel -powered  locomotives  and 
the  problem  of  economically  phasing  them  out. 


The  need  for  cooperative  contracts  with  the  various  utilities 
in  the  area  common  to  the  railway  system 

The  tremendous  capital  outlay  to  finance  the  original  installa- 
tion.is  on  the  order  of  $100  million  per  1000  track  miles.  This 
is  by  far  the  greatest  hurdle  to  electrification.  The  railroads 
simply  cannot  finance  this  capital  costj  Their  rate  of  capital 
formation  is  insufficient.  Someone  else  must  assist.  One 
possibility,  of  course,  would  be  for  the  electric  utility  industry 
to  finance  the  installation  of  the  catenary  distribution  system 
for  supplying  power  to  the  locomotives  similar  to  the  way  they 
provide  distribution  systems  to  their  other  customers.  The 
railroads  v/ould  still  have  to  make  the  necessary  investment  in 
signal  systems,  communications,  clearances  and  replacement 
locomotives.  If  the  railroads  only  make  this  portion  of  the 
investment,  it  appears  that  they  can  then  earn  a reasonable 
return  on  their  portion  of  the  investment  whenever  the  following- 
conditions  prevail: 

Maximum  operating  speeds  exceed  70  mph 

The  electrified  route  extends  for  at  least  500  miles  of 
double  track  or  1,000  miles  of  single  track 

There  is  a minimum  freight  density  of  35  million  tons  per 
track  per  year 

Where  a significant  portion  of  the  traffic  is  in  the 
high  performance  category 

Where  the  power  cost  does  not  exceed  the  cost  of  diesel  fuel 

These  requirements  apparently  are  met  on  about  10%  of  the  track- 
age or  roughly.  22,000  route  miles.  For  this  selected  portion  of 
the  U.  S.  railroads,  electrification  seems  to  offer  many 
advantages  such  as: 

An  annual  saving  of  three  billion  gallons  of  diesel  fuel 

The  number  of  wearing  parts  per  electric  locomotive  are 
thousands  less  than  in  a comparable  diesel 

The  electric  locomotive  can  be  made  with  much  more  horsepower 
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A roughly  15%  lower  first  cost  per  locomotive. 

Maintenance  costs  are  reduced  by  two-thirds.  , 

Economic  life  is  doubled. 

Down  time  for  maintenance  is  reduced  to  one  half. 

Lower  inventories  are  required: 

10  to  20  days'  supply  of  diesel  fuel  and  lube  oil  no 
longer  needed 

Around  $1,000  of  spare  parts  per  engine  not  needed. 

6,000  to  8,000  gallons  of  diesel  fuel  consumed  per 
engine  annually  while  idling,  would  be  saved. 

Electric  locomotives  can  be  built  in  9.000  to  10,000  hp 
sizes  and  larger  if  necessary)  whereas  6,600  hp  seems  to  be 
about  the  maximum  practical  size  for  a diesel.  These  larger 
sizes  mean  fewer  locomotives  for  a given  load  and  speed 
and  hence  a lower  investment. 

Savings  in  operating  costs  allow  initial  investment  to  be 
recovered  in  less  than  5 years. 

Energy  supply  from  nuclear  fuel  and/or  coal  would  be  assured. 

The  cost  of  this  22,000-track  miles  of  electrification  will  be  nearly 
$2  billion.  This  appears  large  until  we  look  at  the  $50  billion  plov/ed 
into  the  interstate  highway  system  — a cross  country  network  of  modern 
highway  which  loses  much  of  its  advantage  with  a national  speed  limit  of 
55  mph;  We  already  spend  a billion  dollars  each  year  for  air  traffic 
control  and  may  soon  require  twice  this  amount  for  annual  highway  repair. 

It  has  already  been  implied  that  this  funding  might  possibly  come  via 
the  electric  utilities  themselves.  It  could  also  possibly  come  from 
interested  third  parties  who  see  the  apparent  opportunity  for  payback  in 
less  than  six  years  — a rather  choice  investment,  and  particularly  so  if 
the  federal  government  would  provide  a tax  incentive.  Another  possibility 
is  federal  subsidy. 

Total  installation  time  for  a 1,000  mile  module  is  estimated  at  about 
3 years,  and  the  annual  energy  requirement  is  estimated  at  roughly  one 
billion  kWh. 

The  references  used  in  the  discussion  of  fixed  rail  were  sequentially 
[Lancaster-75],  [SiTien-75],  [Morris-75],  [Heck-75],  [Vandersl ice-74] , 
[Fisher-74]  and  [Wyman-69]. 


0-54 


0.3. 2. 2 BATTERIES 

In  an  electric  economy,  the  battery  powered  automobile  and  delivery 
truck  play  an  important  role.  The  electric  powered  vehicle  is  not  really 
new.  Back  in  the  1910-1920  era,  several  companies  operated  fleets  of 
electric  vehicles. 

There  now  exists  over  108  electric  delivery  vehicles  in  the  United 
States  and  Canada,  Their  performance  records  are  proving  their  cost 
effectiveness  over  gasoline-powered  fleet  delivery  vehicles.  The  required 
cost  of  the  necessary  pollution  control  devices,  the  increased  fuel  cost 
and  much  higher  service  and  maintenance  costs  of  multi-stop  gasoline- fueled 
vehicles  should  cause  fleet  operators  to  seriously  examine  the  attributes 
of  currently  available  electric  vehicles.  In  fact,  the  AM  General  Corpora- 
tion is  delivering  350  electric-powered  jeeps  to  the  postal  service  this 
year. 


Electric  automobiles  which  are  currently  available  in  the  U.  S.  are 
listed  in  Table  J. 3. 2. 2-1. 

Other  newcomers  in  the  electric  vehicle  arena  are  the  Otis  electric 
delivery  van,  the  Battronic  minivan  and  the  Battronic  truck.  Some  writers 
are  predicting  that  there  will  be  somewhere  around  5 million  electric  cars 
in  service  by  1985, 

There  is  no  reason  why  all  passenger  and  delivery  vehicles  operated 
in  urban  and  suburban  areas  could  not  be  electric  if  only  enough  electrical 
energy  could  be  made  available  for  charging  the  batteries.  The  electric 
automobiles  are  more  efficient  than  the  gasoline-powered  vehicles  that 
they  replace.  This  is  shown  in  Figure  J.3.2.2-i.  [Ankrum-74] 

Performance  tests  in  which  a conventional  post  office  delivery  van 
and  an  electric  van  traveled  the  same  route  at  the  same  time  yielded  an 
energy  cost  of  six  cents  per  mile  for  gasoline  vs.  one  cent  per  mile  for 
the  electric  van. 

The  electric  vehicle  can  be  recharged  at  night  when  utilities  are 
lightly  loaded  and  hence  obtain  off-peak  rates.  The  electric  utilities  ' 
will  be 'glad  to  even  up  their  loads  to  a greater  extent  as  well  as 
utilize  more  of  their  capacity  at  night.  The  electric  vehicle  will  not 
pollute  the  air.  It  does  not  idle  at. stops  and,  hence,  has  an  inherent  - 
advantage  for  urban  del i very  service.  It  makes  no  noise  except  f6r  a 
small  whine  during  acceleration.  This  is  important  since  noise  pollution 
is  a major  health  and  safety  issue. 
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TABLE^J.3.2.2-1 . AVAILABLE  ELECTRIC  AUTOS 


Citi  Car 

El  car 

Islander 

Weight 

1250  lbs. 

1091  lbs. 

2200  lbs. 

Passengers 

2 

2 

. 4' 

Price 

$2690  — 

$2995  = * 
3395  “ ** 

$5000.00 

Range 

50  miles 

50  miles 

Speed 

30  raph^ 

30  mph'*’ 

*1 ,000  series 

**2,000  series 
f 

approximate 


IHPUT  ENERGY  UNITS  REQUIRED 


EFFICIENCIES  Z5%  90%  60% 


FIGURE  J. 3.2. 2-1.  COMPARISON  OF  THE  ELECTRIC  AND  GASOLINE-POWERETI  CARS  [AHKRUM-743 
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Storage  batteries  are  required  for  all  electric  vehicles.  Some  of 
those  receiving  current  attention  are  lead-acid,  lithium  chloride-potassium 
chloride,  nickel-zinc,  sodium-sulfur,  nickel-cadmium,  and  lithium-sulfur. 

This  last-named  battery  looks  very  interesting.  The  battery  cells 
were  developed  at  the  Argonne  National  Laboratory.  The  lithium-sulfide 
test  cells  have  produced  as  much  as  five  times  the  energy  produced  by  a 
comparable  lead-acid  battery.  Argonne  engineers  expect  that  ultimately 
such  cells  will  have  lifetimes  of  5 to  8 years  and  be  capable  of  sustain- 
ing between  1000  and  1500  charge  and  discharge  cycles.  A recent  design 
study  [Walters-75]  has  shown  that  a 150-V  battery  with  a storage  capabity 
of  42  kWh  can  be  used  to  power  a 1975  Ford  Mustang  II.  The  battery  is 
36"  long,  21"  wide  and  22"  high.  It  weights  800  pounds.  In  stop-and- 
start  city  driving,  the  range  of  the  car  will  be  approximately  120  miles. 
The  vehicle  can  accelerate  to  50  mph  in  15  seconds  and  to  60  mph  in  23 
seconds.  The  maximum  speed  will  be  about  80  mph.  The  projected  cost  will 
be  from  $800  to  $1250,  whereas  an  equivalent  lead-acid  battery  will  cost 
around  $2500. 

The  battery  of  an  electric  vehicle  must  be  charged  daily  and  this  is 
a slow  process.  It  is  visualized  that  parking  lots  in  cities  and  at  rail- 
way stations  and  airports  might  be  equipped  with  electrical  outlets  where 
motorists  could  recharge  while  parking.  In  this  way  the  parking  fee  would 
be  partly  for  the  recharge. 

Since  the  battery  powered  vehicle  is  limited  in  its  range  of  travel, 
it  seems  ideal  for  urban  and  suburban  travel  but  not  for  extended  high- 
way trips.  It  should,  however,  team  up  well  with  the  auto  train  whereby 
the  driver  could  relax,  read,  write,  etc.  during  the  trip  instead  of  having 
to  endure  the  hardship  of  driving.  He  would  still  have  his  vehicle  with 
him,  however,  for  local  transportation  at  his  destination.  As  an  alter- 
nate, airports  and  railroads  might  well  consider  the  operation  of  auto 
rentals  for  their  customers.  There  might  be  less  risk  on  the  part  of 
these  fleet  operators  in  the  case  of  electric  vehicles  than  for  gasoline- 
powered  vehicles. 


J.3.2.3  ALTERNATE  FUELS 

In  an  electric  economy,  alternate  fuels  play  a vital  role.  Liquid 
hydrogen  exhibits  a great  potential  as  an  aviation  fuel  because: 
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It  possesses  a high  energy  content 
It  has  a large  cooling  capacity 
It  produces  a minimal  environmental  impact 
Its  supply  is  essentially  unlimited 

It  will  greatly  improve  the  performance  of  subsonic  and  supersonic  air- 
craft, while  for  hypersonic  transports  it  will  be  a must.  Liquid  hydro- 
gen is  no  more  hazardous  than  methane  or  gasoline  [Small -74],  and  further- 
more, it  possesses  several  safety  advantages.  The  performance  of  hydro- 
gen engines  more  than  compensates  for  the  increased  size  and  added  weight 
of  the  required  cryogenic  fuel  tanks.  Use  of  hydrogen  permits  a change 
in  fuel  tankage  arrangement  which  yields  a drastic  reduction  in  take- 
off weight  of  subsonic  aircraft  as  shown  in  Figure  J. 3, 2. 3-1.  Air 
pollution  is  vastly  reduced  by  burning  hydrogen.  The  noise  level  is 
reduced  by  using  hydrogen  as  shown  in  Figure  J. 3. 2. 3-2. 

Hydrogen  fuel  is  expected  to  become  cheaper  as  its  use  increases. 

It  looks  like  the  aircraft  fuel  of  the  future  in  an  electrified  economy. 

Hydrogen  could  become  a good  replacement  fuel  for  automotive  gas- 
oline and  railroad  diesel  fuel  in  the  electric  economy.  It  could  be 
produced  either  by  electrolysis  or  water  splitting  and  hence  be  prac- 
tically unlimited  in  supply  provided  adequate  nuclear  power  were  avail- 
able. It  would  produce  very  small  air  pollution  and  practically  none 
if  burned  with  oxygen.  Hydrogen  is  not  extremely  hazardous,  and  in 
fact,  federal  regulations  already  exist  for  its  transportation  and 
storage.  They  are  shown  in  Table  J. 3. 2. 3-1.  A vehicle  with  a 20~gal . 
liquid  tank  would  require  a 50-gal.  liquid  hydrogen  Dewar.  Metallic 
hydrides  also  look  promising  as  automotive  fuels  and  in  some  respects 
seem  better  than  liquid  hydrogen.  Comparisons  of  these  fuels  are 
illustrated  in  Table  J. 3. 2. 3-2.  Storage  and  distribution  systems 
for  hydrogen  would  be  somewhat  larger  than  for  gasoline  as  shown  in 
Table  J. 3. 2. 3-3.  Comparative  requirements  for  the  nation  are  shown 
in  Tables  J. 3. 2. 3-4  and  0.3. 2. 3-5. 

In  general,  an  orderly  conversion  from  gasoline  to  hydrogen  fuel 
would  require  an  enormous  national  commitment.  It  could  be  done,  however, 
and  the  public  probably  would  hasten  to  this  end'rather  than  forego  driving. 
An  educational  program  would  be  required  for  training  production-plant 
and  service-station  personnel  as  well  as  for  indoctrination  of  the 
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FIGURE  J. 3. 2. 3-1. 


PROJECTED  ADVANCED  CARGO  TRANSPORTS. 
0.85,  RANGE  = 5070  NAUTIcL  MILES,  ' 
250,000  LB.  [SMALL-74] 


FIGURE  J, 3. 2. 3-2.  SIDELINE  NOISE  AT  BRAKE  RELEASE 
M-3  SST,  [SMALL-74] 
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TABLE  J, 3. 2. 3-1.  [STEWART-74] 


Regulatory  Guidelines  for  Distribution  of  Hydrogen 


Distribution 

Method 

Equipment 

Specifications 

Shipping 

Regulations 

Instal 1 ation 
Standards 

Liquid  Cylinders 

Title  49 
CFR  178.57 

Title  49 
CFR  173.316 

NFPA  BOB 

Liquid  Trailer 

ASME/(Ref. 
CGA  341 ) 

Special  Permit 

- 

Liquid  Tank  Car 

Title  49 
CFR  179.400 

Title  49 
, CFR  173.316 

- 

Liquid  Customer 
Station 

ASME 

- 

NFPA  BOB 

Gas  Cylinders 

ASME/Title  49- 
CFR  178. 36-. 37  | 

Title  49 
CFR  173.302 

NFPA  BOA 

Gas-Cylinder 

Trailer 

ASME/Title  49 
CFR  178. 36-. 37 

Title  49 
CFR  173.302 

NFPA  BOA 

Gas  Pipeline 

ANSI  B31.8 

Title  49 
CFR  Part  192 

TABLE  J. 3. 2. 3-2.  COMPARISON  OF  FUEL 
STORAGE  SYSTEMS  FOR  A VEHICLE  RANGE  OF  260  MI  (418  KM)  [STEWART-74] 


Gasol ine 

Cryogenic 

LH2 

Compressed 

GH2 

Metallic 

Hydride 

Fuel : 

weight,  lb  (kg) 

118  (53.5) 

29.5  (13.4) 

29.5  (13.4) 

400  (181) 
(MgH  ) 

volume,  ft^(m^) 

2.6  (0.07) 
(20  gal) 

6.7  (0.19) 
(50  gal) 

35  (1.0) 

8 (0723) 

Tankage: 

! 

i 

weight,  lb  (kg) 

30  (13.6) 

400  (181) 

3000(1361)  I 

100  (45.4) 

volume,  ft3  (m3) 

3 (0.08) 

10  (0.28) 

54  (1.53)  I 

9 (0.25) 

Total : 

weight,  lb  (kg) 

148  (67) 

430  (195) 

3030(1374) 

500  (227) 
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TABLE  J. 3. 2. 3-3.  COMPARISON  OF 
GASOLINE  AND  LIQUID-HYDROGEN  SYSTEMS  [STEWART-74] 


- 

Gasoline 

LH^ 

Total  usage,  billions  of  gal/yr 
(109  1/yr) 

100  (379) 

250  (946) 

Station  storage,  thousands  of  gal 
(103  1) 

15  (57) 

38  (144) 

Distribution  per  station 

millions  of  gal/yr  (10®  1/yr) 

0.36  (1.4) 

0.90  (3.4) 

Delivery  vehicle  capacity,  gal  (1) 

8650  (32,740) 

13,000  (49,205) 

Average  number  of  del iveries/yr 

41 

72  or  42* 

Car  tank  size,  gal  (1) 

20  (76) 

50  (189) 

*If  22,000  gal  (83,270  1)  deliveries  were  made 


TABLE  J. 3. 2. 3-4.  SUMMARY  OF 
LIQUID-HYDROGEN  REQUIREMENTS  [STEWART-74] 


Item 

Liquid  Hydrogen 
gal  per  yr 

, Billions  of 
(10^  1/yr) 

Consumed  in  automobile  engines 

250  (946) 

Losses: 

Producer  to  transport 

1.094^  (4.141) 

Transport  boiloff 

0.234°  (0.889) 

Transport  to  service  station 

2.105a  (7,967) 

Station  boiloff 

8.322  (31.499) 

Station  to  automobile 

11.695  (44.266) 
18.25°  (69.076) 

Automobile  Dewar  Boiloff 

Automobile  Dewar  chilldown 

0.31  (1.173) 

Total  losses 

42  (159) 

Total  production  required 

292  (1105) 

^Includes  line  chilldown,  line  boiloff,  left  in  line,  and  flashing 
losses. 

t>Avoidable  losses. 
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TABLE  J. 3.2, 3-5.  LIQUID-HYDROGEN  PRODUCTION 
AND  DISTRIBUTION  SYSTEM  COSTS  [STEWART-74] 


Billions  of 
Dollars 

GH.p  Electrolysis  facilities 

^^135  plants  of  $170  million  each 
73  ton/hr  (66,226  kg/hr)  capacity  each 

23 

Liquefaction  facilities 

800  plants  at  $60  million  each 
300  ton/day  (272,160  kg/day) 
capacity  each 

48 

Service  stations 

300,000  stations  at  $200,000  each 
(includes  $100,000  for  LH2  tanks) 

60 

! 

LHo  transport  trailers  j 

20.000  trailers  at  $100,000  each  i 

13.000  gal  (49,2051)  capacity  for  each  ) 

i 

1 2 

Total  cost  j 

133 
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general  public. 

A selected  list  of  alternate  fuels  could  be  chosen  as: 

Synthetic  gasoline  or  other  liquid  hydrocarbons  similar  to 
today's  transportation  fuels 

Methane 

Methanol 

Ethanol 

Hydrogen 

Ammonia 

Hydrazine 

This  list  is  by  no  means  complete.  For  example,  the  metallic  hydrides 
may,  after  more  research  and  development,  prove  to  be  very  excellent 
fuels  indeed.  The  fuels  which  are  more  nearly  ready  for  extended  use 
are  methane,  methanol,  ethanol,  and  ammonia.  Each  has  certain  advan- 
tages and  disadvantages.  Each  can  be  produced  in  vast  quantities 
from  resources  which  are  plentiful,  but  a source  of  energy  is  needed. 
This  apparent  energy  source  is  nuclear,  and  since  nuclear-thermal  tech- 
niques require  more  research,  electricity  must  be  generated  from  nuclear 
produced  heat.  Hence,  methanol  can  be  synthesized  in  vast  quantities 
from  water-derived  hydrogen  and  coal -derived  carbon  dioxide. 

An  available  technology  exists  today  for  utilizing  solar  energy 
to  grow  suitable  crops  and  then  convert  them  into  ethanol  by  fermenta- 
tion. In  this  fashion,  large  scale  solar-energy  farms  could  be  utilized 
to  produce  vast  quantities  of  ethanol,  but  the  economics  have  not  yet 
been  assessed. 

Methanol  is  a cleaner  burning  fuel  than  gasoline,  and  this 
makes  it  more  ecologically  acceptable.  Emissions  are  compared 
in  Table  0.3. 2. 3-6  (note  that  MBT  in  this  table  refers  to  "Minimum 
spark  timing  for  Best  Torque").  Furthermore,  it  can  be  made  from  coal 
in  vast  quantities  by  supplying  adequate  energy  (electrical  energy  in 
this  discussion). 

One  drawback  of  methanol  as  a transportation  fuel  is  its  low  heat 
of  combustion  per  unit  volume.  Since  its  energy  content  is  only  half 
that  of  gasoline,  a fuel  tank  at  least  twice  as  large  would  be  required. 
The  fuel  economy  of  methanol  compares  favorably  with'  that  of  gasoline 
however  as  shown  in  Table  J. 3. 2. 3-7. 
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TABLE  J. 3.. 2. 3-6.  EMMISSIONS  AT  50  MPH 
CRUISE  FOR  METHANOL  AND  GASOLINE  FUELS  . 

(350-ClD  ENGINE  OPERATED  AT  MBT  SPARK  TIMING  FOR  BOTH  FUELS  [rLtMING-75] 


Air-fuel 
Equivalence 
Fuel  Ratio 


Methanol  0,99 

Gasoline  0.99 


Emissions,  Grams/Mile 

CO  HC  NO 

K 

22.5  1.29  (as  CH^OH)  3.69 

23'. 5 .1.67  (as  CHj^  gg)  7.95 


TABLE  J. 3. 2. 3-7.  FUEL  ECONOMY  AT  50  MPH 
CRUISE  FOR  METHANoL  AND  GASOLINE  FUELS 
(350-CID  ENGINE  OPERATED  AT  MBT  SPARK  TIMING  FOR  BOTH  FUELS)  [FLEMING-75] 


Fuel 


Methanol 

Gasoline 


Air-fuel 

Equivalence 

Ratio 

0.99 

0.99 


Miles  per 
Gallon 

8.83 

17.20 


Miles  per 
Energy  Unit 

18.08 

17.20 
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A methanol  fueled  engine  is  difficult  to  crank  at  low  temperature. 
Furthermore,  deterioration  of  some  types  of  metal  plating,  certain  plas- 
tics and  a few  die  cast  carburetor  parts  have  been  reported  with  methanol. 
However,  it  is  believed  that  these  problems  can  be  overcome. 

In  spite  of  these  problem  areas,  methanol  looks  promising  as  a 
transportation  fuel.  Given  enough  electrical  energy,  it  could  be 
produced  in  enormous  quantities  from  readily  available  resources.  It 
is  easy  to  handle,  easy  to  store,  is  not  hazardous,  has  low  emission 
potential,  and  a high  thermal  energy  efficiency.  It  may  well  become 
the  transportation  fuel  of  the  future. 

Fuels  that  can  be  synthesized  from  air  and/or  water,  include 
hydrogen,  hydrogen  peroxide,  hydrazine,  and  ammonia.  Of  these,  am- 
monia looks  the  most  promising  for  the  near  future.  Ammonia  (or 
any  non-carbon  fuel)  will  not  contribute  to  carbon  monoxide,  carbon 
dioxide,  or  unburned  hydrocarbons  in  vehicle  exhausts.  Furthermore, 
the  nitric  oxide  will  be  less  than  one  fifth  of  that  in  the  case  of 
gasoline  fueled  engines.  Ammonia  has  an  extremely  high  octane  rating 
and  achieves  it  without  the  use  of  lead  or  any  other  additives.  The 
heating  value  of  ammonia  is  low  compared  with  gasoline,  and,  therefore, 
an  ammonia  tank  for  a vehicle  would  need  to  be  about  three  times  as 
large  as  a comparable  one  for  gasoline.  Ammonia  is  toxic  and  caution 
must  be  exercised  in  handling  it.  However,  it  has  a characteristic 
odor.  Furthermore,  it  is  lighter  than  air,  so  it  will  have  a tendency 
to  rise  in  the  atmosphere  and  disperse.  It  does  not  constitute  any 
appreciable  fire  hazard.  It  is  readily  vaporized  which  is  very  essen- 
tial for  spark  ignition  engines.  It  is  noted  that  copper,  brass,  and 
zinc  are  attacked  by  ammonia  and  hence,  any  affected  parts  normally 
constructed  with  these  materials  should  be  made  of  steel  or  aluminum. 

On  the  whole,  ammonia  looks  like  another  viable  candidate  for  trans- 
portation fuel  in  an  electric  economy.  The  various  candidate  fuels  are 
compared  quantitatively  in  Table  F.5-1. 

J.3.3  ELECTRIFICATION  OF  RESIDENTIAL  HEATING,  VENTILATION  AND  AIR 
CONDITIONING  (HVAC)  SYSTEMS 

Electrical  systems  are  generally  cleaner.  Those  incorporating  a 
heat  pump  can  have  greater  fuel  to  end-use  efficiency  than  any  other 
type  system.  [APC-75]  Heat  pumps  are  reversible  air  conditioners,  and 
many  new  houses  have  central  air  conditioning.  Thus,  supplying  heat 
pumps  for  the  HVAC  systems  in  new  houses  should  have  little  effect  on 
the  present  economy.  Regarding  existing  houses,  installation  of  heat 
pumps  could  replace  both  central  air  conditioning  and  worn  out  furnaces. 
Lastly,  heat  pumps,  as  air  conditioners  in  the  past,  could  be  added  to 
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present  oil  or  gas  furnace,  hot  air  systems.  Installation  of  three 
million  additional  heat  pumps,  projected  through  1980  and  being  prepared 
for  by  training  personnel  [GE-1974],  should  have  only  a mild  stimulating 
effect  on  the  economy.  Considering  a weighted  national  average  (cf. 

Appendix  G.5)  of  147.6  million  BTUs/yr  per  family  unit,  the  average 
national  savings  in  fuel  oil,  over  the  next  five  years,  is  0.2  of  a quad 
each  year.  The  former  value  was  derived  by  considering  the  overall 
electrical  system  efficiency  (fuel  BTUs  to  end  use  BTUs]  of  33%  or 
multiplying  the  end  use  BTUs  of  49.2  million  (from  Appendix  G.5)  by  3. 

As  implied  above,  the  change  to  the  heat  pump  systems  would  not  be 
limited  by  availability  of  materials  or  manpower  for  installation  (same 
as  for  central  air  conditioning).  The  only  obstacle  is  public  acceptance 
and  education;  it  is  felt  that  a high  acceptance  could  be  achieved  by 
an  intensive  information  program.  The  improvement  in  the  nation's 
status,  noted  above,  warrants  such  a program. 

In  1972,  residential  hot  water  systems  required  1.7  quads,  65%  being 
from  oil  or  natural  gas  [APC-75].  Changing  these  heaters  to  an  electrical 
type  could  save  that  many  quads  or  800  thousand  bbl  per  day  in  oil  (or 
equivalents) . 

For  each  BTU  delivered  to  an  end-use  consumer,  three  are  required  in 
fuel.  With  electrical  hot  water  heaters  having  an  efficiency  of  75%,  four 
BTUs  in  fuel  are  required  for  each  one  delivered  to  the  water.  For  gas 
heaters  (50%  efficiency),  two  BTU's  of  fuel  are  required  for  each  BTU  to  the 
water.  Improved  insulation,  v/hile  improving  both  types,  can  make  electrical 
hot  water  heaters  economically  advantageous  at  1975  prices  for  electricity 
and  natural  gas.  The  advantage  will  increase  with  the  anticipated,  rising 
price  of  natural  gas. 

The  projected  housing  inventory  for  1985  is  89  million  [PI-74].  Of 
these,  39%  or  32  million  are  expected  to  be  electric.  This  would  effect 
an  increase  of  14  million  over  the  electric  heaters  in  use  in  1972  [Wh-75]. 
The  increase  of  electric  hot  water  heaters  from  16  million  in  1970  [PI-74] 
to  18  million  in  1972  [Wh-75],  or  approximately  one  million  per  year,  indi- 
cates that  the  1.4  million  average  required  for  the  14  million  increase 
over  the  ten  years  (1975  to  85)  would  require  a 40%  increase  in  production. 
While  this  alone  should  have  only  a small  effect  on  the  economy,  with 
other  equipment  required  for  electrification,  planning  will  be  necessary 
to  reduce  the  total  effect  on  the  U.  S.  economy. 

The  main  materials'  requirements  for  the  electrical  equipment  needed 
in  electrification  are  copper  and  steel.  It  seems  probable  that  planning 
and  cooperation  will  be  required  to  divert  these  materials  from  other  users. 


There  exists  a problem  created  by  rapidly  growing  air  conditioning 
loads  for  suitmer  peaking  utilities.  Increased  saturation  of  air  con- 
ditioning results  in  deteriorating  load  factors.  The  following  measures 
are  recommended  to  reduce  the  adverse  impact  of  increased  saturation  of 
air  conditioning: 

More  efficient  air  conditioning  units. 

Better  building  designs,  in  particular  better  insulation. 

Storage  of  "cold"  in  the  form  of  cold  water,  ice,  or  salt 
hydrates. 

Change  of  the  pattern  of  use  of  other  household  loads  to  avoid 
coincidence  with  system  peak.  This  would  require  time  of  day 
metering  and  a rate  incentive  to  avoid  peak  periods. 

Reduction  of  seasonal  differences  in  load  through  encouragement 
of  electric  heating  in  winter  (heat  pumps  in  particular). 

It  Is  felt  that  residential  customers  will  be  encouraged  to  change 
their  normal  pattern  of  use  of  appliances  if  given  sufficient  economic 
incentive. 

Increased  saturation  caused  by  electric  heating  resulted  in  deteri- 
orated annual  load  factors  during  winter  peaks.  In  1974,  about  50  percent 
of  new  single  family  construction  in  the  U.  S.  was  electrically  heated. 

In  1974,  electric  furnaces  represented  about  50  percent  of  total  electric 
heating  installations,  heat  pumps  represented  a little  under  10  percent, 
and  the  rest  was  resistance  heating  (baseboard  and  ceiling  cable).  Resis- 
tance heating  with  individual  room  thermostatic  control  has  better  diver- 
sity than  central  furnace  or  heat  pump  unit.  The  high  proportion  of 
electric  heating  in  new  construction  and  the  increase  in  conversions  are 
due  to  shortages  of  natural .gas  and  concern  over  oil. 

Two  areas  that  may  help  in  load  management  are  storage  of  heat  and 
some  mixed  heating.  An  electric  heating  system  may  be  supplemented  by 
an  oil  or  lignite-fired  system  to  top  up  the  electric  system  during 
periods  of  peak  heating  demand.  The  future  for  mixed  heating  systems 
where  the  relative  proportions  of  storage  and  direct  heating  are  set  to 
minimize  capital  plus  operating  costs  is  promising. 

It  is  interesting  to  know  that  the  utilities  in  England,,  Belgium, 
and  West  Germany  promote  predominantly  storage  heating.  The  idea  is  to 
have  all  of  the  storage  heating  on  a separate  circuit  (used  mainly  in 
Belgium  and  West  Germany  and  partially  in  England)  whose  activation  is 
controlled  by  the  utility  through  remote  ripple  control.  The  cost  of 
a ripple  control  receiver  is  about  $85.  ' Many  U.  S.  utilities  are  con- 
sidering a ripple  control  system  that  could  be  used  for  meter  reading 
in  addition  to  control  of  -loads  or  meter  switching. 

Another  point  that  is  worth  mentioning  here  Is  the  future  of  the 
heat  pump.  It  would  be  uneconomical  to  design  the  heat  pump  to  supply 
peak  heating  demand  on  the  coldest  days  of  the  year.  It  should  be 
supplemented  by  a source  of  topping  heat  during  peak  hours. 


APPENDIX  K.  DIVERSIFICATION 


K,1  DIVERSIFICATION  ACTIONS 

Briefly  digested  below  are  the  major  characteristics  of  each  of  the 
systems  which  contribute  to  diversification.  Energy  potential  estimates 
are  given  for  each.  In  some  cases  those  estimates  reflect  prognostica'tions 
made  by  ERDA  [ERDA-48]»  while  those  which  do  not  are  based  on  a variety  of  other 
projections. 


K.1.1  COAL,  EXTRACTION 

Type  Systems:  Contour  mi'ning,  area  mining,  auger  mining,  room 

and  pillar  mining  and  longwall  mining 

Primary  Locations:  Principle  area  of  present  mining  is  located 

around  the  Appalachian  mountains,  north  into.  Pennsylvania  and 
west  into  Kentucky  and  Illinois.  Future  development  is 
expected  to  grow  rapidly  in  Northern  Great  Plains. 

Potential:  1985,  22  quads;  2000,  30-40  quads. 

Primary  Requirements:  Strip  mine  shovels  and  blasthole  drills 

(problems  include  availability  of  steel  castings,  steelplate,  ■ 
forgings,  bearings,  electric  motors  and  neopreme).  Continuous 
miners,  methane  detectors,  respirators  and  other  safety  equipment. 
Hopper  cars  and  barges. 

Means  of  Implementation:  Expansion  of  the  industry  is  occurring 

rapidly  in  the  Northern  Great  Plains  but  is  impaired  by  concern 
over  environmental  impacts.  A clear  and  precise  set  of  strip 
mining  and  deep  mining  regulations  must  be  outlined  and  strictly 
enforced.  Environmental  safeguards .must  be  outlined  in  a long 
term  overall  plan.  Injunctions  should  not  be  given  against 
construction  except  in  those  cases  where  the  approved  restrictions 
are  violated. 

Impacts:  Veoetation  will  be  destroyed  and  underground  water  sources 

may  be  upset.  In  eastern  regions  problems  are  encountered  with 
subsidence  and  mine  drainage.  In  western  areas,  alkaline  materials 
may  be  leached  from  mines.  Temporary  surface  disruption'  will  re- 
duce cover  and  food  supply  of  surrounding  wildlife.' 
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K.1.2  COAL  UTILIZATION 

Type  Systems:  electric  power  plants,  steel  manufacture  and  cement 

plants.  Refer  to  Appendix  D for  further  description  of  plants. 

See  Appendix  I for  plant  conversions. 

Primary  Location:  Widely  dispersed  across  United  States  although 
greatest  use  is  in  eastern  part  of  the  country. 

Potential:  1985,  22  quads;  2000,  30  - 40  quads. 

Primary  Requirements:  Development  of  effective,  reliable  and  low 

cost  air  pollution  equipment.  Capital  to  develop  mines  and  the 
more  expensive  coal  furnaces. 

Means  of  Implementation:  Readjustment  of  environmental  standards 
to  optimize  on  both  air  quality  and  energy  needs. 

Impacts:  Conversion  of  plants  burning  alternate  fuels  with  coal 

facilities  will  require  either  relaxation  of  environmental  standards 
or  high  capital  expenditures  and  the  concomitant  rate  increases. 
Conversion  of  plants  without  coal  facilities  to  utilize  coal  will 
generally  require  rebuilding  of  the  boiler.  This  is  both  expensive 
and  time  consuming.  A retrofit  program  could  seriously  affect  re- 
serves and  might  lead  to  wide  spread  blackouts. 


K.1.3  COAL,  CONVERSION 

Type  Systems:  liqui faction,  gasification,  and  solvent  refined 

coal.  See  Appendix  D for  further  discussion. 

Primary  locations:  Northern  Great  Plains, 

Potential:  1985,  1.3  x 10®  ft^/year  gas,  5000  bbl/day  liquid; 

2000,  6.2  x 10^  ft^/year  gas,  3.5  x 10®  bbl/day  liquid. 
[PI-74-3,107] 

Means  of  Implementation:  Support  of  research  in  advanced  coal 

conversion  techniques.  Improved  legal  procedures  to  allow  needed 
trade  off:  environmental  and-  energy  needs.  Readjust  pricing 

regulations  to  allow  mixture  of  SNG  and  natural  gas  to  be  sold 
at  a mixed  price.  Guarantee  of  investment. 

Impacts:  Large  demands  will  be  placed  on  water  in  arid  regions. 
Pipelines  may  be  utilized  but  would  disrupt  agricultural  areas. 


K.1.4  OIL  (DOMESTIC) 


Type  system:  conventional  well,  enhanced  recovery 

Primary  Location:  Outer  continental  shelf,  artic,  deep  and 
shallow  inner  continental  in  several  states  predominantly  in 
the  south  central  region.  Enhanced  recovery  at  existing  sites. 

Potential:  1985,  12  quads;  2000,  9 quads. 

Primary  Requirements:  Capital,  drilling  rigs,  platforms,  oipe, 

exploration  crews,  rig  men,  refineries,  water,  steel,  cement, 
processing  plants. 

Means  of  Implementation:  Pricing  policy,  improved  leasing 

procedures,  technological  development  of  shale  oil  recovery 
methods  and  very  deep  O.C.S.  drilling. 

Impacts:  Water  and  land  use,  manufacturing  facilities,  ecological 

balances,  lifestyles,  trained  personnel,  social  acceptance. 


K.1.5  NATURAL  GAS 

Type  Systems:  Conventional  well,  stimulation  of  tight  formations. 

Primary  Location;  Deep  and  shallow  inner  continental  of  certain 
states,  artic,  outer  continental  shelf. 

Potential:  1985,  10  quads;  2000,  7 quads. 

Primary  RequiremehtsT  Capital,  drilling  rigs,  platforms, 
pipe,  exploration  crews,  rigmen,  water,  steel,  concrete. 

Means  of  Implementation:.  Realistic  pricing  policy,  improved 
leasing  procedures,  technological  development  of  stimulation 
techniques. 

Impacts:  Water  and  land  use,  manufacturing  facilities, 

ecological  balance,  trained  personnel,  l_and  use  policy,  social 
acceptance. 
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K.1.6  OIL  SHALE 

Primary  Location:  Colorado,  Wyoming,  Utah 

Type  Systems:  above  ground  retorting  with  surface  mining  or 

deep  mining,  in  situ. 

Potential:  1985,  2.5  quads;  2000,  4.5  quads  [ERDA-48], 

Primary  Requirements:  large  labor  force,  improved  water  recovery 

systems,  environmentally  satisfactory  disposal  and  land  reclamation 
programs,  possible  oil-orice  guarantees,  adequate  supplies  of  water 
(above  ground  retorting),  adequate  manpower. 

Means  of  Implementation:  Develop  leasing  rules  more  conducive 

to  large-scale  shale  mining. 

Impacts:  Destruction  of  terrain,  disposal  problems,  particulate 

emissions,  leaching  and  consequential  productivity  reduction  of 
land,  possible  subsidence,  extreme  pressure  on  water  resources 
(less  for  in  situ). 


K.1.7  HYDROELECTRICITY 

Type  System:  hydroelectricity 

Primary  location:  Developed  North  Pacific  and  South  Eastern. 

Major  undeveloped:  Alaska  32  GWe,  North  Pacific  45  GWe 

Potential:  1985,^75  GWe;  2000,  187  GWe.  (Note;  Must  be 

corrected  for  siltation  of  existing  reservoirs.) 

Primary  Requirements:  Dam  sites,  dams,  environmental  impact 

studies,  turbines,  generators. 

Means  of  Implementation:  Extend  land  condemnation  powers. 

Impacts:  Conflicts  with  scenic  river  preservation,  consumes 

land,  increases  energy  intensive  recreation  opportunities. 


K.1.8  GEOTHERMAL 


Type  Systems:  Hydrothermal,  dry  steam,  magma,  hot  rock, 

Primary  Location:  Western  U.  S.,  Hawaii,  Alaska, 

Potential:  1985,  .7  quad;  2000,  2.5-6  quads,  [ERDA-48] 

Primary  Requirements:  Sufficient  drilling  rigs,  improved 

corrosion  resistant  materials,  improved  desalters,  improved 
exploration  and  drilling  technology.- 

Means  of  Implementation:  Develop  realistic  leasing  rules, 

extend  intangible  drilling  benefits  to  geothermal  sources, 

Impacts:  Ties  up  drilling  rigs  used  for  oil  and  natural,  gas, 

H2S  pollution  problems,  possible  pollution  of  surface  water, 
possible  large  demand  on  water  supplies  in  water  scarce  regions. 


K.1.9  WASTE 

Type  Systems;  pyrolysis,  digestion,  direct  incineration-, 
dump  site  exhaustion 

Primary  Location:  near  large  municipalities,  livestock  feed 

lots,  old  dump'sites, 

Potential:  1985j2.5  quads;  2000,  4.5-9  quads,  [ERDA-48] 

Primary  Requirements:  Coordinate  waste  collection,  improve 
some  aspects  of  technology, 

Means  of  Implementation:  Provide  explicit,  comprehensible 

information  to  communities  and  local  utilities  about  options. 

Impacts:  particulate  emissions  and  noxious  gasses  from 

incineration,  water  pollution'  from  leaching  of  residue.  Potential 
fuel  shortages  resulting  from  enthusiastic  conservation  and 
resultant  decline  in  municipal  solid  waste. 
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K.1.10  SOLAR  THERMAL  (CENTRAL) 


Type  Systems:  Geometry  — flat  plate,  concentrating  disks  or 

troughs,  reflecting  mirror;  tracking  — non,  single,  double; 
receiver  — distributed,  central. 

Primary  Location:  Southwestern  U.  S.  (needs  high  insolation 

and  clear  skies). 

Potential:  1985,  100  MWe  (.005  ouad):  2000,  10^  MWe  (.5  quad). 

Primary  Requirements:  Improved  storage  capability;  development 

of  central  receivers;  development  of  open  cycle  and  helium 
cycle  plants. 

Means  of  Implementation:  Government  plus 

prototype  and  demonstration  plants  until  1990  (ERDA  Plan). 

Impacts:  Supplies  peak  and  intermediate  loads;  large  land 

area  needed;  possible  large  water  requirements  in  water-scarce 
regions. 


K.l.n  SOLAR  HEATING/COOLING 

Type  Systems:  Concentrating  or  flat  plate  collector;  air  or 

water  as  heat  transfer  medium;  water,  rock  or  eutectic  salts 
as  storage  medium.- 

Primary  location:  Throughout  U.  S. 

Potential:  1985,  0. 3-0.6  quads;  2000,  4.5-9  quads. 

Primary  Requirements:  adequate  production  of  collector 

components;  reduced  cost  of  collectors;  improved  storage  media; 
higher  cost-effectiveness  relative  to  conventional  systems; 
2-3000  gallons  of  water  per  installation, 

Means  of  Implementation:  federal  assistance  in  research  and 

technology  development;  tax  incentives  for  consumers. 

Impacts:  political,  legal,  institutional  impacts;  revision  of 

land  use  patterns;  technical  training  for  building  designers; 
utility  companies  and  energy  producers  are  affected. 


K.1.12  SOLAR  PHOTOVOLTAIC 


T^'pe  Systems:  single  crystal  silicon,  polycrystal ine  silicon, 

cadmium  sulfide,  gallium  arsenide 

Primary  location:  throughout  U.  S.,  best  in  Southwest. 

Potential;  1985,  lONW;  2000,  1400  MW  (.07  quad). 

Primary  Requirements:  Sufficient  supplies  of  cadmuim  and  metals 

for  production,  improved  technology  to  reduce  cost,  improved 
inversion  (DC  to  AC)  technology;  improved  storage  capabilities. 

Means  of  Implementation:  Silicon, refinement  industry  must  be 

expanded;  technological  improvements  are  requiredi 

Impacts:  could  result  in  reduced  need  for  fossil  fuels;  could 
provide  power  for  peak  loads;  engineering  personnel  will  represent 
a high  percentage  of  total  manpower  requirements  compared  to 
related  energy  industries;  solar  arrays  may  not  be  esthetically 
pleasing;  large  tracts  of  land' required  for  central  generation. 


K.1.13  BIOMASS  FARM 

Type  System:  Solid  wastes,  biomass  farm*  marine  form 

Primary  Location:  Throughout  L).  S. 

Potential:  1985,  .082  quad;  2000,  .5  quad* 

Primary  Requirements:  capital  investment  for  processing  plant, 

land  availability,  high  water  requirements. 

Means  of  Implementation:  most  technology  available;  government 

incentives  needed. 

Impacts:  pesticides  required  to  house  and  fuel  conversion 

plant;  institutional  arrangements  between  city  gov 'ts‘ /conversion 
plants  required.  Pesticides,  fertilizer,  and  associated  water 
contamination,  possible  reduction  of  surface  water  supply. 


K.1.14  THERMAL  GRADIENTS 


Primary  Location;  Deepwater  coastal  regions,  southern  LI.S. 
Potential;  1985,  .005  quads;  2000,  .Squads, 

Primary  Requirements:  Develop  technology,  provide  construction 
facilities,  solve  transmission  problems, reduce  material 
requirements  over  present  designs^ 

Means  of  Inplementation:  show  cost  feasability.. 

Impacts:  Possible  thermal  effects  on  ocean  currents;  possible 

alteration  of  marine  environments  from  interchange  of  plankton 
layers  and  pelagic  nutrients. 


K.1.15  WIND 

Primary  Location:  N.E.  coast  of  U.  S,,  Alaska  Coast,  Texas 

Gulf  Coast,  Hawaii,  Great  Plains. 

Potential:  1985,  .15  quad;  2000,  1 quado 

Primary  Requirements:  Improved  anemometry,  improved  storage 

systems. 

Means  of  Implementation:  government  supported  wind  program. 

Impacts:  Possible  meterological  changes,  possible  detrimental 

esthetic  effects. 


K.1.16  NUCLEAR  FISSION: 

Type  Systems:  Light  water  reactor  (LWR),  High  Temperature 

gas  reactor  (HTGR),  Breeder  reactor^ 

Location:  Areas  with  sufficient  water  for  cooling 

Potential:  1980,  80  GWe;  1985,  190  GWe;  Breeder  reactor 

not  commercial  until  2000. 

Requirements:  Capital  cost  reductions, accelerated  licensing 

procedures,  greater  guarantees  of  safety,  increased  labor 
supply. 

Means  of  Implementation:  Reduce  'RED-TAPE'  fn  ItcenstPg, 
standardize  design. 

Impacts:  Waste  storage,  fuel  security,  thermal  pollution 
(air  and  water),  large  manpower  and  materials  Cfuel  extra^ction 
and  processing). 


K.1.17  NUCLEAR  FUSION 


Type  Systems:  Magnetic  confinement,  laser  implosions 

Location:  As  desired^ 

Potential:  minimal  by  2000s 

Requirements:  1985  — Test  reactors  of  1 to  10  MW. 

1989  — Experimental  Power  reactor  of  20  to  50  MWe 
1997  --  Demonstration  plant,  500  MWe 

Means  of  Implementation:  Primary  government  funding- 

impacts:  many  to  be  determined;  problems  could  arise  in  social 
and  economic  areas  from  unconstrained  supply  of  energy. 


K.1.18  INTEGRATED  SYSTEMS 

One  of  the  most  interesting  of  the  various  diversification  schemes 
is  the  total-energy  systems.  At  least  three  variations  of  this  approach 
are  currently  under  investigations.  In  one  scheme  each  home  or  farm  is 
fitted  with  a hybrid  system  possibly  using  basic  energy  jnputs  from 
wind,  solar  heat,  and  probably  sol ar/electric  cells.  One  example  of 
this  type  of  total -energy  system  is  currently  being  developed  by  Smokey 
Yunick  in  Daytona  Beach,  Florida.  The  heart  of  this  particular  scheme 
is  the  use  of  wind-generated  electricity  to  break  down  water 
electrolytically  into  hydrogen  and  oxygen  for  storage  and  future  reforming 
into  methanol-,  methane,  and  maybe  ammonia.  The  wind  turbine  v/ill  energize 
this  process  days,  nights,  and  weekends.  [PS-75,56] 

A variety  of  other  .similar  schemes  have  been  proposed.  Some  of  these 
even  include  digesters  for  utilizing  the  waste  produced  by  the  household 
and  farm. 

The  second  major  type  of  integrated  systems  is  the  MIUS  concept 
{Modular  Integrated  Utility  System).  This  concept being  developed  by 
NASA,  utilizes  recycling  of  waste  to  reduce  the  requirement  for  external 
utility  services.  A MIUS  system  would  integrate  all  utility  systems  into 
a single  function  providing  electric  power,  heat,  water,  and  waste 
collection  into  an  operation  which  would  more  completely  utilize  energy 
and  material  imputs  than  do  individual  utility  functions  under  present 
service.  Rejected  heat  in  this  type  of  system  can  be  used  to  provide 
domestic  water  heating,  comfort  heat,  and  to  drive  absorption  air 
conditioning  systems.  Solid  waste  is  recycled  and  used  as  fuel  to  reduce 
the  need  for  heat  input  to  the  generation  cycle,  thereby  reducing  the  waste 
disposal  requirements.  Waste  water  is  also  recycled  to  serve  functions 
which  do  not  require  portable  water. 


NASA  reports  energy  reductions  of  33%,  reduced  v/ater  requirement  of  9%, 
reduced  liquid  waste  treatment  requirements  of  48%,  and  reduced  solid 
waste  of  74%  through  the  use  of  a MIUS  as  compared  to  normal  utility 
services.  [Reed-74,93]  , 

A third  type  of  integrated  approach  is  under  consideration  for 
municipal  use.  This  concept  employs  fuel  cells  in  demographically  dense 
urban  areas  to  supply  consumers  with  both  electricity  and  the  heat  derived 
from  the  fuel  cell  cooling  process. 


K.2.  REQUIREMENTS  FOR  DIVERSIFICATION  WATER  IMPACT  STUDY 

This  section  presents  data  related  to  the  water  requirement  impact 
study  of  chapter  11.  The  water  resource  regions  are  showri  in  Section  K.2.1. 

The  energy  resource  locations  are  detailed  in  Sections  K.2,2  to  .4.  The 
last  sections  {K.2.5  to  .8)  discuss  the  various  water  requirements  for  selected 
diversification  actions. 


K.2.1.  WATER  RESOURCE  REGIONS 

The  primary  Water  Resource  Regions  in  which  energy  extraction  is  likely 
to  place  a heavy  demand  on  the  water  resources  are  the  Missouri  Basin(upper 
half)  and  the  Upper  Colorado.  The  Lower  Colorado  and  Rio  Grande  play  an 
important  role  in  solar  central  generation.  Figure  K.2,1-1  shows  the  Water 
Resource  Regions  and  the  locations  of  critical  water  related  energy  problems. 

Missouri  Basin 

An  estimated  40%  of  the  nation's  coal  resources  lay  within' the  north- 
western section  of  the  Missouri  Basin.  Projected  coal  processing  plants 
and  electric  generating  programs  are  expected  to  place  a heavy  demand  on 
water  resources  in  this  area.  An  eventual  maximum  of  3 million  acre-ft/yr 
could  be  made  available;  one  million  acre-ft/yr  could  be  supplied  now. 

Such  a supply  presupposes  that  necessary  legislative  action  is  taken, 
permits  are  granted,  water  is  supplied  from  the  Colorado  Basin  (Green  River), 
and  sufficient  aqueducts  are  constructed  [PI-74-15]. 

Upper  Colorado  Basin 

The  predominant  energy  source  available  in  the  Upper  Colorado  Basin 
is  oil  shale.  A second  energy  source  is  coal.  And  to  some  extent,  the 
oil  resources  in  the  region  will  require  water.  Water  avail- 
ability in  the  area  depends  upon  overall  supplies  ranging  from  an  estimated 
high  of  24  million  acre-ft/yr  (1917)  to  about  5.6  million  acre-ft/yr  (1934). 


FIGURE  K.2.1-1.  WATER  RESOURCE  REGIONS  AND  GEOGRAPHIC 
AREAS  WITH  CRITICAL  WATER  RELATED  ENERGY  PROBLEMS 
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A number  of  Federal  and  state  laws  and  international  treaties  complicate 
the  matter.  At  present  there  is  slightly  over  2 million  acre-ft/yr 
average  available  for  industrial  purposes  [PI-74-15],  but  the  main 
difficulty  in  utilizing  this  supply  is  present  water-right  commitments 
which  tie  up  100%  of  available  water.  Obtaining  access  to  this  supply 
would  be  unreasonably  costly.  Any  additional  use  of  water  resources  in  the 
Upper  Colorado  area  will  impact  severely  on  supplies  in  the  Lower  Colorado 
Basin. 

Lower  Colorado 

The  principal  non-fossil  energy  potential  in  the  Lower  Colorado  Basin 
is  solar.  Oil,  natural  gas,  and  to  some  extent,  coal  represent  the  available 
fossil  sources.  Water  supplied  to  Arizona,  the  principal  region  for  concern,  is 
about  2.8  million  acre-ft/yr.  Most  of  this  is  already  tied  up  in  urban 
use,  agricultural  needs,  or  commitments  to  water  rights.  As  a result  of 
increasing  demands  to  the  north,  the  salinity  of  surface  water  is 
increasing,  and  any  energy  systems  which  would  require  water  sources 
would  further  deteriorate  the  supply. 

Rio  Grande 

The  primary  area  for  concern  is  southern  New  Mexico  and  the  southwest 
corner  of  Texas.  Substantial  use  is  already  made  in  this  area  of  surface 
water  for  industrial,  agricultural  and  municipal  purposes,  and  with  existing 
water  rights  it  is  unlikely  that  significant  water  supplies  could  be  made 
available  for  solar  central  generation  without  displacing  other  proposed 
energy  systems.  A problem  of  decreased  water  quali-ty,  similar  to  that 
encountered  in  the  Lower  Colorado  Basin, complicates  difficulties. 


K.2.2  COAL  RESOURCE  LOCATIONS 

Coal  occurs  in'  large  quantities  throughout  the  United  States  (see  Figure 
K.2.2-1).  Primary  concentrations  of  lignite  are  found  in  Montana  and  North 
Dakota.  Bituminous  and  sub-bituminous  coals  are  located  throughout  the  Rocky 
Mountain  regions.  Much  of  the  coal  in  the  western  half  of  the  United  States 
is  accessable  by  surface  mining  techniques. 


K.2.3  OIL  SHALE  RESOURCE  LOCATIONS 

While  oil  shale  is  found  scattered  across  wide  areas  of  the  United 
States  (see  Figure  K.2.3-1),  only  one  region,  roughly  the  intersection 
of  Wyoming,  Colorado  and  Utah,  is  considered  to  have  concentrations. of 
oil  sufficiently  high  for  commercial  development.  In  this  area,  the 
so-called  Green  River  formation,  concentrations  of  oil  in  shale  range  as 
high  as  60  bbl/ton  with  an  average  of  15-25  bbl/ton. 


/ 
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FIGURE  K.2.2-1.  WESTERN  U.S.  COAL  RESOURCES 


FIGURE  K.2.3-1.  WESTERN  U.S.  OIL  SHALE  RESOURCES 
(GREEN  RIVER  FORMATION) 


K.2.4  SOLAR  CENTRAL  RESOURCE  LOCATIONS 


The  region  most  suitable  for  solar  central  generation  within  the 
geographic  boundaries  of  the  United  States' is  located  in  southern  Arizona 
and  New  Mexico.  With  reduced  effectiveness,  larger  areas  including  southern 
California,  all  of  New  Mexico  and  Arizona,  and  West  Texas  could  be  utilized 
for  solar  thermal  or  photovoltaic  purposes  (see  Figure  K. 2. 4-1).  Because  of 
the  increased  frequency  of  cloud  coverage  and  reduced  insolation,  it  is 
unlikely  that  other  areas  of  the  country  would  find  solar  central  pov/er 
plants  feasible. 


K.2.5  COAL  MINING  WATER  REQUIREMENTS 

Coal  mining  requires  water  to  maintain  working  conditions,  for  cleaning 
coal,  for  transportation  of  slurry  by  pipeline,  for  on  site  housekeeping  and 
for  revegetation  of  strip  mine  coal  fields.  Except  for  this  last  use,  surface 
mines  require  less  fresh  water  per  ton  mined  than  underground  mines.  It 
should  be  noted  that  revegetation  of  reclaimed  surface  mines  is  a significant 
water  user.  Much  underground  mine  water  requirements  are  met  with  brackish 
water  from  dewatering  of  mines.  Table  K.2.5-1  provides  the  basic  water  use 
data  for  coal  extraction,  and  cleaning  per  ton  of  coal.  Estimates  of  future 
coal  cleaning  indicate  75%  of  Bituminous  coal  from  all  regions  and  100%  of 
northern  Appalachia  anthracite  will  be  cleaned.  Combining  this  information 
with  the  production  percentages  in  Table  K.2.5-2,  and  the  percentage  of 
underground/surface  production  of  Table  K.2.5-3  gives  water  use  coefficients 
for  coal  production  by  region  in  Table  K.2.5-4. 


K.2.6  COAL  CONVERSION  WATER  REQUIREMENTS 


Since  much  of  the  western  low  sulfur  coal  is  found  in  arid  regions, 
water  requirements  for  coal  conversion  become  of  primary  importance.  The 
ultimate  availability  of  water  may  in  many  cases  provide  the  upper  bound  on 
coal  conversion  much  more  than  either  coal  availability  or  market  requirements 
This  view  must  be  carefully  considered  in  any  orderly  developmental  plan  if 
the  full  potential  of  western  coal  is  to  be  realized. 


A number  of  proposed  coal  conversion  processes  are  shown  in  Table  K.2.6-1 
together  with  their  corresponding  water  requirements.  Low  BTU  gas  is  not 
economical  to  transport  long  distances  because  of  the  large'associated  volumes 
Consequently,  extremely  large  quantities  will  not  be  produced  at  a centralized 
location  and  severe  strains  will  not  be  placed  on  regional  water  supplies. 
However,  pipeline  gas  and  liquid  fuel  do  present  the  problems  of  centralized, 
large  scale  processing.  Development  of  these  processes  should  be  undertaken 
with  a view  of  ultimate  water  availability.  Specifically,  the  HYGAS  process 
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TABLE  K.2.5-1  BASIC  WATER  USE  DATA  FOR  COAL  EXTRACTION  AND  CLEANING 


Underqro\-.r.d 

Surface 

Water  Wit3\drav.'ai  per  ton  Tiiined 

. 

15.0 

4.0 

Water  Consumption  per  ton  nrned 

15,0 

4.0 

V?ater  Withdrav;al  per  ton  wasted 

52i. 

524. 

V?ater  Consumption  per  ton  wasted 

8.0 

8.0 

TABLE  K.2.5-2  COAL  PRODUCTION  PERCENTAGES  BY  TYPE  FOR  THE 

COAL  PRODUCING  REGIONS 


Coal 

Pagion 

Percent 

Bituminous 

■■—-'1  , ..  i.„. 

Percent  Sub- 
bitumi no us /Lignite 

Percent 

Anthracite 

1 

95 

0 

in 

2 

100 

0 

0 

3 

100 

0 

0 

4 

0 

100 

0 

5 

100 

0 

6 

38 

62 

0 

7 

0 

100 

0 
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TABLE  K.2.5-3 


PERCENTAGES  OF  COAL  PRODUCTION  WHICH  IS  PRODUCED  THROUGH 
SURFACE  AND  UNDERGROUND  MINING 


Coal 

Region 

Pe  n t 

Uriflerground 

Pejccen  t. 
Surfa ae 

1 

69-1 

30-9 

2 

52.4 

47.6 

3 

51.5 

48.5 

4 

0.0 

100.0 

1 

5 

1.8 

98.2 

69.9 

30.1 

7 

0.9 

99.1 

... 

TABLE  K.2.5-4  WATER-USE  COEFFEICIENTS  FOR  COAL  PRODUCTION  BY 

COAL  PRODUCING  REGION 


1 

Goal  Region 

'Jithdrawal 

V/ater-Use 

Coefficient 

(gal/ton) 

Cons-'iT-prive 
Vj‘ater-Use 
Coefficient 
{gal /ten) 

1.  Northern  Appalachia 

430.8 

13.0 

2.  Southern  Appalachia 

402.8 

15.8 

3.  Midwestern 

402.7 

15.7 

4.  Gulf 

4.0 

4.0 

5 . Northern  Great  Plains 

6.0 

6.0 

6.  Rocky  Mountain 

210.8 

14.7 

7,  Pacific  Coastal 

4,1 

4.'1 

TABLE  .K.2.6-1  COAL  CONVERSION. WATER  REQUIREMENTS  [PI-74-3,  110] 


Process 

Acre-Ft/vr 

loy  BTU/Day 

Acre-ft 

Quad 

Low  BTU  Gas: 

Atmospheric 
pressure 
fixed  bed 

18 

.049  X 10^ 

Elevated 
Pressure 
Entrained  bed 

98 

.269  X 10® 

Lurgi 

57 

.156  X 10^ 

Pipeline  Gas: 

Synthetic 

104 

.285  X 10® 

Hygas 

32 

.088  X 10® 

Lurgi 

120 

.329  X 10® 

Liquid  Fuel: 

SRC 

30 

.082  X 10® 

Synthoil 

56 

.153  X 10® 

Fisher-Tropsch 

(Parsons) 

59 

.016  X 10® 

Fisher-Tropsch 

(USBM-PEG) 

134 

.367  X 10® 
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and  the  Fisher-Tropack  (Parsons)  processes  should  receive  major  consideration 
in  present  R and  D programs.  In  addition  to  water  required  by  the  process 
plants,  the  increased  associated  population  will  place  an  additional  strain 
on  water  availability.  The  total  manpower  requirements  for  each  advanced 
process  are  not  well  defined  at  this  time,  but  are  assumed  to  be  similar  to 
those  for  existing  Lurgi  units.  This  adds  an  additional  requirement  of  .03 
million  acre/feet/year  for  each  quad  of  synthetic  fuel.  Comparing  total  un- 
committed water  resources  in  each  water  area  given  in  Section  K.2.1  to  total 
water  requirements  for  each  process  indicates  the  potential  for  synthetic  fuel 
development  in  each  region.  Care  must  be  exercised  however  in  such  an  analysis 
since  the  situation  is  dynamic.  Additional  reservoirs  are  planned  in  certain 
areas  which  will  increase  resources,  while  expanding  agricultural  irrigation 
will  increase  demand. 
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The  five  major  methods  currently  under  study,  (see  Table  K.2.7-1)  for 
the  extraction  of  crude  oil  from  shale  are  underground  mining  with  surface 
retorting;  surface  mining  with  surface  retorting;  in  situ;  modified  in  situ 
[PI-74-9];  and  an  alternative  modified  in  situ  (essentially  the  Garrett 
process).  Demand  for  external  water  in  each  is  low;  it  is  expected  that 
about  Z%  of  the  total  water  consumed  will  have  to  be  provided  from  external 
sources.  Primary  water  consumption  is  associated  with  urban  and  revegetation 
requirements. 


K.2.8  SOLAR  CENTRAL  WATER  REQUIREMENTS 

The  two  basic  methods  of  producing  electricity  directly  from  solar 
insolation  involve  either  photovoltaic  arrays  (see  K.1.12)  or  solar  thermal 
conversion  (see  K.1.10), 

The  water  requirements  for  photovoltaic  conversion  are  practically  nil 
unless  the  plant  operating  personnel  are  considered— even  then  water  is  not 
much  of  a factor  unless  industries  are  encouraged  to  move  into  the  area. 
Under  some  conditions,  photovoltaic  arrays  may  be  cooled  by  circulating 
water  to  keep  the  cells  below  some  maximum  operating  temperature.  This 
cooling  water  would  be  in'a  closed  loop  and  would  not  involve  any  water 
beyond  initial  charging  of  the  loop.  Dry  cooling  would  be  appropriate  for 
the  heat  rejection. 

The  water  requirements  for  a solar  thermal  plant  could  pose  more  of 
a restriction.  For  a 100  MWe  solar  thermal  pov/er  plant,  approximately 
200  MW  (thermal)  must  be  rejected  to  the  environment.  For  the  conventional 
steam  cycle  type  plant,  there  are  three  possible  methods  of  rejecting  this 
heat: 


TABLE  K.2.7-1  WATER  CONSUMED  FOR  VARIOUS  RATES  OF  SHALE  OIL  PRODUCTION  (ACRE/FEET/YEAR). 

Shale  Oil  Production  (Barrels  per  day) 


5T57U015  roo',‘000  5O,OO0  50,000  . 50,000’  ^ 

Underground  Surface  Mine  In  Situ  Modified  In  Situ  Alternative  In  Situ 


Mining  and  Crushing 
Retorting 

Shale  Oil  Upgrading 
Processed  Shale  Disposal 
Power  Requirements 
Revegetation 
Sanitary  Use 

Subtotal  «. 

External  Water  Consumed" 


370-  510  730  - 1.020  — 170-  230  Not  available 

580-  730  1,170  - 1,460  - 260-  330- 

1,460-2,190  2,920  - 4,380  1 ,460-  2,220  1,460-2,220  1 ,460  - 2,220 

2,900-4,400  5,840  - 8,750'  — 1 ,300-2,07  0 7 00  - 1 ,000 

730-1,020  1,460  - 2,040  730-  1 ,820  730-1  ,660  Not  available 

0-  700  0 - 700  0-  700  0-  700  0 - 700 

20-  50  30  - 70  20-  40  20-  40  10  - 25 

6,060-9,600  12,150  -18,420  2,210-  4,780  3,440-7,250 

121-  892  243  - 1 ,068  44  - 797  69-  84  5 0 - 700 


ASSOCIATED  URBAN 


Domestic  Use 
Domestic  Power 

670-  910 
70-  90 

1,140  - 1 ,530 
no  - 150 

720- 

70- 

840 

80 

710-  850 
70-  80 

.340  - 460 

35  - 70 

Subtotal 

740-1 ,000 

1 .250  - 1.680 

790- 

920 

780-  930 

375  - 530 

GRAND  TOTAL 

6,800-10,600 

13,400  -20,100 

3,000- 

5,700 

4,720-8,180 

Total  External  Water  Consumed 

861-  1 ,892 

1 ,493  -.2,748 

834- 

1,717 

849-1  .775 

375  1 .230 

ly  Adopted  from  Project  Independence. [PI-74-9] 

2J  Based  on  information  supplied  by  Occidental  Shale  Oil  Co.  [Ridley-75] 
^ Assuming  Z%  external  water  required  for  all  but  alternative  in  situ. 
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TABLE  K.2.8-1.  SOLAR  CENTRAL  WATER  REQUIREMENTS  BASED  ON  100  MWe  PLANT 


Type  Plant 
(100  MWe  Base) 

Once- through 
Cooling 

(66,000  gal/min)° 

Wet  Cooling 
Tower 

(4000  gal /min )° 

Dry  Cooling 

Tower 

(nil) 

PHOTOVOLTAIC: 
.air  cooled 

N/A 

N/A 

N/A 

.water  cooled 

N/A 

N/A 

nil 

SOLAR  THERMAL:^ 
.steam  cycle 

53,000  acre-feet/yr^ 

3 

3,200  acre-feet/yr 

nil 

.open  air  cycle 

N/A 

N/A 

N/A 

.helium  cycle 

“ •• 

”• "" 

nil 

a";  Plant  operates  at  intermediate  load  (.5  load  factor) 

b.  Assuming  10^  incre^ed  evaporation--5,300  acre-feet  consumed/yr 

c.  Assuming  T00%  evaporation  rate--3300  acre-feet  consumed/yr 

d.  [PI-74-10] 


Once-through  (water)  condenser  cooling 
Wet  cooling  tower  (water  and  air) 

Dry  cooling  tower  (air) 

The  water  requirements  for  each  of  these  methods -is  illustrated  in  Table  K.2.8-1. 

Due  to  the  fact  that  solar  thermal  plants  are  being  planned  for  the 
southwestern  United  States  where  water  is  scarce,  several  investigations 
are  being  made  of  power  cycles  which  do  not  require  water  cooling  or  the 
use  of  the  relatively  expensive  dry  cooling  towers.  The  open  air  cycle 
and  the  helium  gas  cycle  are  candidates  [BOS-75].  Also,  the  concept  of 
using  the  waste  heat  for  desalinization  of  brackish  water  has  been  proposed 
as  being  an  added  benefit  to  the  southwestern  United  States  in  addition 
to  the  power  generation.  In  fact,  the  fresh  water  produced  may  be  of 
equal  or  greater  value  than  the  power  in  some  regions. 


K.3  ASSESSMENT  OF  ENERGY  SOURCE  IMPACTS  IN  WATER  SCARCE  REGIONS 

This  section  is  an  elaboration  on  the  impacts  covered  by  the  water 
requirements  for  the  diversification  energy  sources  (see  Chapter  11),  The 
organization  of  this  impact  study  . is  shown  on  the  systems  diagram,  Figure  K.3-1. 
The  requirements  necessary  to  satisfy  the  objective  of  identifying  water  re- 
quirement impacts  were  to: 

Identify  water  availability  (see  K.2.1) 

Identify  unit  water  requirement  for  each  energy  source  (see  K.2.5-8) 

Identify  geographic  regions  for  implementing  each  energy  source 

(see  K.2.2-4) 

Identify  base  case  for  energy  usage 

Assess  impacts 

A complete  assessment  of  the  water  requirements  and  impacts  of  alterna- 
tive systems  would  require  substantially  more  information  than  is  now  avail- 
able from  any  source.  In  fact,  the  process  of  information  acquisition  could 
continue  indefinitely.  Nevertheless,  on  the  basis  of  information  available 
at  present,  some  alternatives  seem  to  be  more  viable  than  others. 


K.3.1  INCREASED  WATER  SUPPLIES 

A variety  of  recommendations  have  been  made  to  augment  the  water  re- 
source base  in  the  Western  United  States.  These  recommendations,  some  of 
which  are  under  study  at  the  present,  include: 


IDENTIFY  IMPACTS  ON 
WATER  OF  ENERGY 
• SOURCE  DIVERSIFICATION 


OTHER  REQUIREMENTS 
(Capital,  Material,  Etc) 


r' 

'iDENTIf'y  WATER  AVAILABILITY  |— L 


- PRESENT  USE 


REGIONALLY 


IDENTIFY  UNIT  WATER  REQUIREMENT 
FOR  EACH  ENERGY  SOURCE 


IDENTIFY  GEOGRAPHIC  REGIONS  FOR 
IMPLEMENTING  EACH  ENERGY  SOURCE 


IDENTIFY  BASE  CASE  FOR 
ENERGY  USAGE 


ASSESS  IMPACTS 


VARIOUS  METHODS 
OF  USE 


FEEDBACK 


T i 
R ! 
A 
D 
E 


I IMPACT  OF 
. ' PARTICULAR! 
ENERGY 
! SOURCE 
MIXTURE  i 
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FIGURE  K.3-1.  SYSTEMS  DIAGRAM  FOR  IMPACT  ANALYSIS 
OF  WATER  REQUIREMENT 
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Diversion  of  water  from  California  to  the  Southern  Colorado  Basin, 

Transporting  water  from  the  Missouri  River  to  Wyoming  for  coal 
gasification. 

Diverting  significant  amounts  of  water  moderate  distances  for 
industrial  purposes. 

Vleather  modification  to  increase  rainfall  in  Missouri  and  Upper 
Colorado  regions. 

Each  of  these  proposals  would  seem  to  require  intensive  study.  Both 
relocation  and  weather  modification  have  a large  potential  for  detrimental 
environmental  impacts.  Apart  from  the  long  term  terrestial  changes  likely 
to  accrue  from  either  plan,  weather  modification  may  result  in  meteorological 
changes  elsewhere. 


K.3.2  OIL  SHALE 

None  of  the  processes  for  extracting  oil  from  shale  require  unreason- 
able amounts  of  external  water.  Each,  however,  will  require  substantial 
water  for  revegetation,  land  reclamation  and  associated  urban  development 
resulting  from  increased  population.  In- situ  processes  will  require  gener- 
ally less  external  water  and  hence  are  more  desirable;  if  costs  are  compar- 
able, in  situ  is  to  be  preferred. 

K.3.3  COAL 

Synthetic  fuels  from  coal  ^e  generally  produced  by  water  intensive 
processes.  Coal  mining  may  also  oe  water  intensive  in  the  coal  preparation 
stage,  but  it  is  believed  that  this  problem  may  be  overcome.  Water  is  gen- 
erally scarce  in  all  of  the  coal  areas  of  the  Great  Plains.  While  water 
might  be  transported  from  the  Upper  Missouri  Basin  into  eastern  Wyoming,  it 
is  not  considered  economically  feasible  to  run  pipelines  into  the  more  south- 
ern coal  fields.  For  this  reason  development  of  gasification  or  liquifica- 
tion  plants  within  the  Upper  Colorado  Basin  and  in  nearby  arid  regions  is  not 
deemed  attractive. 


K.3.4  SOLAR 

Solar  central  generating  systems  are  likely  to  be  located  in  New  Mexico 
or  Arizona,  regions  where  there  is  essentially  no  water  available.  Several 
alternatives  exist  to  typical,  water  cooled  installations:  air  cooling, 

utilizing  waste  heat  to  desalt  cooling  water,  or  installing  photovoltaic 
systems.  All  of  the  alternatives  to  water  cooling  involve  extra  expense, 
butfnot  so  much  as  to  rule  out  the  possibility  of  using  solar  central. 
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K.3.5  OTHER  CONSIDERATIONS  ' 

Diversion  of  water  to  coal  production  has  potential  repercussions  on 
other  water  users.  Conflict  with  water  needs  for  existing  and  future  oil 
and  gas  production  and  other  mineral  activities  is  one.  Molybdenum,  uran- 
ium and  precious  metals  are  presently  produced  in  the  region.  Uranium,  in 
fact,  is  a primary  water  user,  consuming  approximately  200‘ gallons  of  water 
per  pound  of  U3O8  produced.  Since  Nev/  Mexico,  Utah.,  Colorado,  and  Wyoming 
now  produce  about  88%  of  the  nation's  uranium,  an  expected  U.  S.  nuclear 
capacity  of  190  GWe  in  1985  will  require  33  x 10°  gallons  water  per  day 
from  these  states. 

Municipalities  are  another  claimant  for  water.  Large  amounts  of  water 
on  the  .western  slope' are  committed  to  California  cities  and  to  farm  irri- 
gation at  present.  Then  too,  if  the  natural  water  table  is  affected, 
regional  lumber  and  livestock  production  would  suffer.  Of  no  little 
concern  is  maintaining  the  region's  natural  environment  as  it  concerns 
outdoor  recreation  and  as  it  concerns  wildlife  preservation.  Water 
consumption  could  change  that  as  well. 


K.4  ERDA  PLANS  AND  BUDGET 


Public  Law  93-577  calls  for  RD  and  D in  the  areas  of  energy  supply 
to: 


Accelerate  the  commercial  demonstration  of  technologies  for 
producing  substitutes  for  natural  gas,  including  coal  gasifica- 
tion. 

Accelerate  the  commercial  demonstration  of  technologies  for 
producing  syncrude  and  liquid  petroleum  products  from  coal. 

Accelerate  the  commercial  demonstration  of  geothermal  energy 
technologies. 

Demonstrate  the  production  of  syncrude  from  oil  shale  by  all 
promising  technologies  including  in  situ  technologies. 

Explore  secondary  and  tertiary  recovery  of  crude  oil. 

Demonstrate  the  economic  .and  commercial  feasibility  of  solar 
energy  for  residential  and  commercial  applications. 

Accelerate  the  commercial  demonstration  of  environmental  con- 
trol systems  for  energy  technology  developed  under  this  Act. 


K-25 


Investigate  the  feasibility  of  tidal  power  for  supplying 
electrical  energy. 

Goromercially  demonstrate  advanced  solar  energy  technologies 

Determine  the  feasibility  of  production  of  synthetic  fuels 
such  as  hydrogen  and  methanol . 

Demonstrate  the  commercial  feasibility  of  fuel  cells  for  central 
station  electric  power  generation. 

Determine  the  economic  and  commercial  viability  of  in  situ  coal 
gasification, 

ERDA  responded  to  Public  Law  93-577  with  its  first  National  Plan, 
ERDA-48,  which  appears  to  manifest  an  intention  toward  diversification. 

The  philosophy  in  the  plan  appears  to  be  one  of  exploration  on  a broad 
front  so  as  to  ensure  maximum  flexibility  for  future  energy  choices  --  to 
seek  to  clarify  uncertainties  and  ascertain  the  feasibility  of  a variety 
of  sources  in  terms  of  socio-economic,  institutional,  resource  and  environ- 
mental constraints. 

ERDA  sees  the  need  for  five  major  changes  in  the  nature  and  scope  of 
the  nation's  RD  and  D program  [ERDA  48-75]: 

Emphasis  on  overcoming  the  technical  problems  inhibiting 
expansion  of  high  leverage  existing  systems  — notably  coal  and 
light  water  reactors. 

Achieving  an  expansion  requires  the  solution  of  several 
critical  problems  involving  operational  reliability  and 
acceptable  environmental,  impact. 

An  immediate  focus  on  conservation  efforts. 

These  efforts  implement  first  generation  existing  technology, 
extend  this  technology  with  improved  capabilities,  demonstrate 
its  viability  and  widely  disseminate  the  results. 

The  primary  targets  are  automotive  transportation,  buildings 
and  industrial  processes. 

Acceleration  of  commercial  capability  to  extract  gaseous  and 
liquid  fuels  from  coal  and  shale. 

A two-pronged  effort  is  needed  to  achieve  this  objective. 
Existing  technologies  must  be  implemented  as  soon  as  possible 
to  gain  needed  experience  with  large  scale  synthetic  fuel 
production.  A Synthetic  Fuels  Commercialization  program  is 
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now  being  developed  to  implement  the  President's  synthetic 
fuels'  goal  announced  in  the  1975  State  of  the  Union  Message. 
Also  required  is  aggressive  pursuit  of  parallel  efforts, 
now  underway,  to  develop  a more  efficient  generation  of 
plants  with  lower  product  costs  and  less  environmental 
impact. 

Inclusion  of  the  solar  electric  approach  among  the  "inexhaustible" 
resource  technologies  to  be  given  high  priority. 

The  technologies  for  producing  essentially  inexhaustible 
supplies  of  electric  power  from  solar  energy  will  be  given 
priority  comparable  to  fusion  and  the  breeder  reactor. 

Increased  attention  to  under-used  new  technologies  that  can  be 
rapidly  developed. 

The  technologies  that  are  close  to  implementation  and  promise 
a significant  impact  for  the  mid-term  and  beyond  are  princi- 
pally solar  heating  and  cooling  and  the  use  of  geothermal 
power . 

In  E.RDA-48  we  appear  to  have  an  institutional  committment  to  a policy 
of  diversification  inenergy  supply.  However,  comparison  of  ERDA's  resource 
allocation  (budget)  with  their  RD  and  D plans  suggests  some  discrepancy. 

The  National  Conference  of  State  Legislatures  (NCSL)  in  their  July  11  and  July 
25,  1975  energy  newsletters  presents  an  ERDA  Budget  request  (Table  K.4-1).  ' 

Nuclear  accounts  for  81  percent  of  this  budget.  Editors  of  the  NCSL  news- 
letters remark  on  the  difficulty  of  aggregating  ERDA's  budget  to  that  which 
is  portrayed  in  Table  K.4-1.  Even  with  the  possibility  of  some  noise  in 
the  data,  NCSL  suggests  that  if  ERDA  were  to  implement  their  research  plan 
it  would  imply  some  rather  radical  budgetary  modifications.  Perhaps  some 
of  the  difference  between  budget  and  research  plans  can  be  explained  by 
the  following  statement  taken  from  page  S-6  of  ERDA- 48, 

"It  should  be  noted  that  outlays  for  Federally  supported  pro- 
grams may  not  necessarily  conform  to  the  national  ranking  developed 
here.  This  is  because  many  of  the  technologies  will  be  developed 
in  the  private  sector  and  there  are  differences  in  the  scope  of  the 
program  effort  and  the  extent  of  development  required." 

Further  study  is  needed  to  more  clearly  see  how  strong  ERDA's  com- 
mittment becomes  in  the  future  to  the  pursuit  of  a broad  policy  of  diver- 
sification at  the  supply  end.  It  is  perhaps  a bit  precarious  to  make 
judgements  basedon  ERDA's  first  budget.  As  has  been  pointed  out  several 
times,  in  beginning^  to  develop  a previously  undeveloped  research  and 
development  area,  it  is  not  possible  to  both  instantaneously  use  and 
efficiently  use  an  infinite  amount  of  money. 
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TABLE  E.4-1  ERDA 

BUDGET  REQUESTS 

(MILLIONS 

OF  DOLLARS} 

[NCSL-75] 

OPERATING 

CAPITAL 

PERCENT 

EXPENSES 

EXPENSES 

TOTAL 

OF  ENERGY 

PROGRAMS 

FY76 

FY76 

FY76 

BUDGET 

Coal 

279.5 

20.0 

299.5 

12.0 

Petroleum  & Gas 

23.7 

23.7 

0.9 

Oil  Shale 

8.1 

8.1 

0.3 

Solar 

57.1 

57.1 

2.3 

Geothermal 

28.3 

28.3 

1.1 

Conservation 

32.2 

32.2 

1.3 

Advanced  Systems 

23.2 

0.9 

Nuclear^ 

1416.83>^^ 

609.8 

2026.6 

81.1 

Sub  Total 

1868.9 

629.8 

2498.7 

100.0 

Physical  Research 

312.5 

Nuclear; 

Space  & Naval 

217.1 

Weapons 

938.4 

264.9 

2475.6 

Environment,  Safety^ 

• 197.7 

(Total ) 

(Total ) 

Miscellaneous 

545.0 

Total  Budget 

4079.6 

4974.3 

4974.3 

"^Includes  approximately  $575  million  which  is  received  by  the  U.  S.  General 
Treasury  from  sale  of  nuclear  materials.  These  dollars  should  be  included 
in  an  estimate  of  ERDA's  resource  allocation  but  should  not  be  included  in 
an  estimate  of  the  government’s  net  nuclear  expenditures 

^Includes  less  than  $200  million  weapons 

^Primarily  nuclear  related 

^Exluding  space  and  weapons 


APPENDIX  U CITIZENS' ACTIONS 


A Historical  Perspective  of  Energy  Consumption 

The  first  source  of  energy  exploited  by  the  earliest  culture  systems 
was,  of  course,  the  energy  of  the  human  organism  Itself.  The  amount  of 
power  generated  by  an  average  adult,  is  small  — one- tenth  of  one  horse- 
power. Considering  women,  children,  the  sick,  aged,  and  feeble,  the 
average  power  resources  may  be  estimated  at  about  one-twentieth  horsepower 
per  capita.  It  is  understandable  then,  that  the  earliest  cultures  of 
mankind,  dependant  as  they  were  upon  the  energy  resources  of  the  human 
body,  were  meager,  crude,  and  simple,  as  indeed  they  had  to  be. 

If  culture  was  to  advance  beyond  the  limits  of  the  energy  resources 
of  the  human  body,  it  had  to  harness  additional  amounts  of  energy  by 
tapping  natural  resources  in  some  new  form.  Fire  was  used  in  early 
cultures  in  providing  warmth  in  cooking  and  in  frightening  wild  beasts,  but 
only  as  a substitute  for  muscle  power  in  the  manufacture  of  dugout  canoes 
from  hollowed  out  tree  trunks.  Fire,  along  with  water  and  wind,  was 
utilized  as  a source  of  energy  only  to  a very  limited  extent. 

Another  source  of  energy  available  to  and  eventually  harnessed  by 
primitive  man  was  that  of  plants  and  animals.  After  some  million  years  of 
human  development,  certain  plants  were  brought  under  cultivation  and 
various  animal  species  were  controlled  through  domestication.  As  a re- 
sult, the  energy  resources  for  cultural  advancement  were  greatly  increased. 
Cultivation,  fertilization,  and  irrigation  greatly  increased  the  yield  per 
unit  of  human  labor  energy.  Likewise,  domestication  of  animals  allowed 
people  to  subsist  on  their  herds  and  flocks.  As  a result,  within  a few 
thousand  years  of  these  advancements,  the  great  civilizations  of  antiquity 
(Egypt,  Mesopotamia,  India,  China:  in  the  New  World,  Mexico,  Middle  America, 
the  Andean  Highlands)  came  into  being.  Great  empires,  nations,  and  cities 
took  the  place  of  villages,  tribes,  and  confederacies  as  a consequence 
of  this  Agricultural  Revolution. 

It  is  interesting  that,  after  this  period  of  rapid  growth,  the 
upward  curve  of  cultural  progress  levelled  off.  The.  peaks  of  cultural 
development  in  Egypt,  India,  China,  and  Mesopotamia  were  reached  prior 
to  1000  B.C.,  and  from  that  time  to  the  beginning  of  the  Fuel  Age  (about 
A.D.  1800)  no  culture  of  the  Old  World  surpassed,  in  any  profound  and  com- 
prehensive way,  the  highest  levels  achieved  during  this  period. 
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The  Fuel  Age  emerged  because  of  man's  success  in  harnessing  additional 
energy  by  tapping  the  forces  of  nature  in  new  forms.  Energy,  in  the  form 
of  coal,  oil  and  gas,  was  harnessed  by  means  of  steam  and  internal  com- 
bustion engines.  By  tapping  the  vast  deposits  of  coal,  natural  gas,  and 
oil,  a tremendous  increase  in  the  amount  of  energy  available  for  culture 
building  was  quickly  effected.  The  consequences  of  the  Fuel  Revolution  were 
in  general  much  like  those  of  the  Agricultural  Revolution  — an  increase 
in  population,  larger  political  units,  bigger  cities,  and  a rapid  development 
of  the  arts  and  sciences;  in  short,  a rapid  and  extensive  advancement  of 
culture  as  a whole. 

In  summary,  the  progress  and  development  of  culture  are  affected 
by  the  improvement  of  the  mechanical  means  with  which  energy  is  harnessed 
as  well  as  by  increasing  the  amount  of  energy  employed. 


APPENDIXM.  SEMINAR  SUMMARIES 


The  many  speakers  who  conducted  seminars  for  the  1975  NASA/ASEE 
Faculty  Fellowship  Program  in  Systems  Engineering  Design  at  the  Marshall 
Space  Flight  Center,  Huntsville,  Alabama,  which  was  directed  by  Auburn 
University,  provided  invaluable  resource  material  for  the  21  professors 
who  participated  in  the  program.  The  summaries  given  in  this  appendix 
are  the  paraphrased  remarks  of  each  speaker  and  in  some  instances  the 
opinions  or  impressions  of  the  faculty  fellows  are  interwoven  into  the 
fabric  of  the  summary. 

Due  to  the  length  (80  pages)  of  the  summaries.  Appendix  M is  avail- 
able separately,  in  limited  numbers,  from 

Engineering  Extension  Service 
Auburn  University 
Auburn,  Alabama  36830 

Listed  below  are  the  speakers,  their  affiliation,  and  the  title  of 
their  talk.  The  speakers  are  arranged  in  chronological  order. 

Roger  W.  Sant,  Federal  Energy  Administration 
"Energy  Conservation  Programs  in  FEA" 


W.  R,  Finger,  Exxon  Company 

"Energy  Scenarios  and  Conservation  Implementation 

Anthony  J.  Parisi,  Business  Week 

"Energy  as  Seen  From  a Business  Perspective 

Wilson  Harwood,  Stanford  Research  Institute 
"The  Middle  East  - Where  the  Oil  Is" 

Jack  E.  Snell,  National  Bureau  of  Standards 
"Energy  Conservation  and  NBS" 

William  Prengle,  Jr.,  University  of  Houston 

"Potential  for  Energy  Conservation  in  Industrial  Operations" 

Sydney  Howe,  Center  for  Growth  Alternatives 
"Energy  Conservation  Scenarios" 

A.  W.  Wortham,  Federal  Energy  Administration 

" Technological  Approaches  to  Energy  Conservation" 

Stan  A.  Trumbower,  Westinghouse  Electric  Corporation 
"Managing  Your  Piece  of  the  Energy  Crisis" 

John  Blackstone,  State  of  Alabama  ■" 

"Evaluation  of  Ford  Foundation  Report" 

Walter  F.  Spiegel,  W.  F.  Spiegel,  Inc, 

"Ashrae  Studies  of  Energy  Conservation" 


-Alan  Barton,  Alabama  Power  Company 

“Energy  Conservation  From  a Power  Company  Perspective" 

George  Cunningham,  Energy  Research  and  Development  Administration 
"Nuclear  Reactor  R & D" 

Larry  Stewart,  Energy  Research  and  Development  Administration 
"Energy  Conservation  in  ERDA" 

Ed  Hudspeth,  Alabama  Energy  Management  Board 
"The  State 'and  National  Energy  Picture". 

Vernon  Rydbeck,  General  Electric  Company 

"Electric  Power,  Energy  and  Environment" 

William  P.  Miller,  Jr.,  The  American  Society  of  Mechanical  Engineers 
"Overview  of  Energy  on  Capitol  Hill' 

Arnold  Safer,  Irving  Trust  Company 

"Economic  Aspects  of  Energy  Crises  ” 

Grant  P.  Thompson,  Environmental  Law  Institute 

"Legal  and  Legislative  Aspects  of  Energy  Conservation" 

Arnold  Windman,  Syska  and  Hennessy 

"Engineering  Consultants  and  Conservation" 

Barry  Hyman,  Senate  Commerce  Committee 

"Energy  Conservation  Legislative  Proposals" 

John  P.  Eberhard,  AIA  Research  Corporation  ' 

"Energy  Conservation  in  Buildings" 

Ralph  Rotty,  Institute  for  Energy  Analysis 

"Energy  and  Clima.te--A  Case  for  Conservation" 

Tim  Nulty,  United  Auto  Workers 

"Labor  and  Energy  Conservation" 

David  MacFadyen,  Technology  and  Economics,  Inc. 

"Technology  Transfer  and  NASA" 

Laura  Nader,  University  of  California 

"Cultural  Aspects  of  Energy  Conservation" 

Joseph  F.  Coates,  U,  S.  Congress 

"Introduction  to  Technology  Assessment" 

Virginia  Garrett,  Montgomery  Citizens  Action  Committee 
"Private  Intervention  for  Energy  Conservation" 

Byron  R.  Brown,  Or.,  E.  I.  DuPont  Company 
"Energy  Conservation  in  Industry" 

Richard  D.  Wood,  NASA 

"New  Propulsion  Systems" 

0.  N.  Foster,  Marshall  Space  Flight  Center 
"The  MSFC  Energy  Conservation  Program" 

R.  J.  Raudebaugh,  United  States  National  Committee 
"The  World  Energy  Conference" 

Robert  G.  Metke,  Browns  Ferry  Nuclear  Power  Station 
"Tour  and  Overview  of  the  Plant" 

John  Vanston,  University  of  Texas 

"The  University  Role  in  Energy  Conservation" 

Douglas  Alexander,  NASA/Ames  Research  Center 
"Energy  and  Technology  Assessment" 
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APPENDIX  N.  FEDERAL  AND  STATE  ENERGY  LEGISLATION 


This  appendix  contains  Federal  and  State  energy  legislation,  both' 
proposed  and  enacted.  Section  N.l  is  a listing  of  Federal  energy-related 
legislation  as  of  June  1975  with' a brief  description  of  each  bill.  This 
listing  was  compiled  by  Mr.  Bill  Miller,  Washington  Representative  of  the 
American  Society  of  Mechanical  Engineers. 

Section  N.  2 is  a listing  of  State  energy  legislation  or  actions  as 
of  June  1975  as  compiled  by  Mr.  Grant  Thompson,  Environmental  Law  Institute, 
Washington,  D.  C. 
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(as  of  June  1975) 


N.l  FEDERAL  ENERGY-RELATED  LEGISLATION 
Automobiles 

S.  733  Reseorch~--ground.  propulsion  fiystema 
By  Domsnicij  Beker  and  Olenn 

To  authorize  a federal  program  of  research  and 
vlemonstration  in  conceotion  with  ground- propulsion 
systems.  (To  Commerce.) 

Status:  ’Hearing  in  Senate  3/X2/75 

S.  1120  Excise  taxes — automobiles — -fuel  con-  . 
sumption  rate 
By  Case 

To  amend  the  Internal  Revenue  Code  of  I95U  to 
impose  an  excise" tax  on  passenger  automobiles 
based  on  fuel  consumption  rates  and  to  allow  a 
credit  for  the  purchase  of  passenger  automiblles 
which  meet  certain  standards  of  fuel  consumption. 
(To  Finance.) 

Status: 

S,  1508  See  Consiuner  Legislation 

S.  1518  Authorizations — fiscal  1976  and  1977— 
motor  vehicle  economy 

By  Moss (Utah),  Magnuson,  Hart (Mich. ) and  Hartke 
To  amend  the  Kotor  Vehicle  Information  and  Cost 
Savings  Act  (15  U.S.U.  19OI  et  seg. ) to  authorize 
additional  appropriations,  to  establish  fuel  ef- 
ficiency demonstration  projects,  to  provide  ad- 
ditional enforcement  authority  for  the  odometer 
antitan^ering  provisions.  (To  Commerce.) 

Status: 

S.  1623  Economy — ^Baslp  Erice  Index 
By  Kelson,  Javits,  Mohdale  and  Laxalt 

To  direct  the  Secretary  of  Labor  to  change  the 
ncme  of  the  Wholesale  Fries  Index  to  the  Basie 
Price  Index.  (To  Post  Office  and  Civil  Service.) 
Status: 

H.R,  3195  Income  tax  credits— motor  vehicles— 

1975  and  1976 
^ Annunzio 

To  amend  the  Internal  Revenue  Code  of  195!(  to 
provide  a credit  against  tax  related  to  the  pur- 
phase  of  certain  new  motor  vehicles  during  1975  and 
1976.  (To  Ways  and  Means.) 

Status : 

H.H.  3603  Excise  taxes— automobiles— weight 
By  Roncalio 

To  amend  the  Internal  Revenue  Code  of  195h  to 
impose  a temporary  excise  tax  on  passenger  motor 
vehicles  based  on  horsepower,  to  amend  the  National 
Traffic  and  Motor  Vehicle  SAfety  Act  of  I966  to 
prohibit  the  manufacture  of  passenger  motor  vehicles 
which  do  riot  cong>ly  with  certain  limitations  with 
respect  to  weight,  fuel  economy,  and  horsepower. 

(To  Ways* and  Means  and  Interstate  end  Foreign  Com- 
merce. ) 

Status : 

H.H.  3877  Ezclse  taxes — motor  vehicles— fuel 
consumption  rate 
By  Obey 

To  provide  for  the  conservation  of  petroleum  and 


other, natural  resources  by  imposing  an  excise  tax 
On  the  sale  of  certain  automobiles  and  granting  a 
tax  credit  on  the  sale  of  certain  automobiles  ac- 
cording to  the  rate  at  which  such  automobiles  con- 
sume fuel.  (Tj  Ways  and  Means.) 

Status : 

H.R.  Logo  Air  pollution  control — emiaslon 
standards — motor  vehicles 
By  Fiegle 

5b  amend  federal  statutes  regulating  automobile 
emissions  and  automobile  safety  and  to  provide 
certain  rules  with  respect  to  automobile  fuel  ef- 
ficiency to  permit  the  manufacture  of  safe,  non- 
polluting, fuel  efficient  automobiles.  (To  Inter- 
state and  Foreign  Commerce.) 

Status : 

R.R.  I132O  Excise*  taxes— motor  vehicles—  fuel 

consumption  rate 

By  Pike,  Obey  and  Spellman 

To  provide  for  the  conservation  of  petroleum 
and  other  natural  resources  by  imposing  an  excise 
tax  on  the  sale  of  certain  automobiles  and  granting 
a tax  credit  on  the  sale  of  certain  automobiles  ac- 
cording to  the  rate  at  which  such  automobiles  con- 
svune  fuel.  (To  Ways  and  Means, ) 

Status: 

H.R.  ^363  Energy — ^fuel  econaay — piotor  vehicles 
By  Ashley 

To  regulate  commerce  and  conserve  gasoline  by 
improving  motor  vehicle  fuel  econesny.  (To  Inter- 
state and  Foreign  Commerce. ) 

Status : 

H.R.  UU32  Bbcelse  taxes — automobiles — fuel  con- 
sumption rate 
By  Litton  and  Santini 

To  provide  an  excise  tax  on  every  new  automobile 
in  an  amount  relating  to  the  portion  of  such  auto- 
mobile's fuel  consumption  rate  which  falls  below 
certain  standards,  to  provide  an  Energy  Reaearch 
and  Development  Trust  Fund.  (To  Ways  and  Means. ) 
Status : 

H.R.  !»519  Excise  taxes — automobiles — fuel  con- 
sumption rate 

By  Jeffords,  WilsonC Texas),  Coughlin,  Pressler  and 
Pattison 

To  amend  the  Internal  Revenue  Code  of  195b  to 
impose  an  excise  tax  on  passenger  automobiles  based 
on  fuel",  consumption  rates  and  to  allow  a credit  for 
the  purchase  of  passenger  automobiles  which  meet 
certain  standards  of  fuel  consumption.  (To  Hays  and 
Means. ) 

Status: 

H.R.  4729  -Excise  taxes — automobiles— fuel  con- 
sumption rate 

By  Vanik,  Burke(Mass. ),  Fraser,  Harris,  Ottinger, 
C^ie,  Treen,  Wirth  and  WoJ.ff 

To  amend  the  Internal  Revenue  Code  of  195^  4o 
provide  for  a tsix  on  every  new, passenger  automobile 
based  on  its  fuel  consumption  rate,  to  provide  for 
public  disclosure  of  the  fuel  consumption  rate  of 
every  ouch  automobile.  (To  Ways  and  Means. ) 

Status : 
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H.R.  5085  Excioe  taxeo — Qut,cmoblle9_„fyej_  con- 
sumption rate 
By  JeCioras  and  Cleveland 

To  amend  the  Internal  Revenue  Code  of  X9^h  to 
impose  an  excise  tax  on  passenger  autcmohilea  ta 
■based  on  fuel  consumption  rates  and  to  allow  a 
credit  for  the  purchase  of  passenger  autcmobilea 
which  meet  certain  standards  of  fuel  consumption, 
(To  Vays  and  Means.) 
status: 

H.R.  5^23  Ehergy— fuel  economy^— motor  vehicles 
By  Anderson(Callf.) 

To  regulate  commerce  and  conserve  gasoline  by 
improving  motor  vehicle  fuel  economy.  (To  Inter- 
state and  Foreign  Commerca.) 

Status: 

H.R.  5*»70  Research — electric  vehicles 
By  McCormack,  Brown (Calif.  ),  Teague,  Mosher  and 
Gold-water  (Calif  . ) 

To  authorize  in  the  Energy  Research  and  Develop- 
mant  Administration  a federal  program  of  research, 
development,  and  demonstration  designed  to  promote 
electric  vehicle  technologies  and  to  demonstrate 
the  commercial  feasibility-  of  electric  vehicles, 

(To  Science  and  Technology, ) 

Status: 

H.E.  5T94  Air  pollution  control — emission 
standards— motor  vehicles 

By  Hiegle,  Cleveland,  Daniel(W,C.-Va, ),  Diggs, 
Leggett,  Whitehurst  and  Wilson (Tex, ) 

To  amend  federal  snatutes  regulating  automobile 
emissions  and  automoh-lle  safety  and  to  pro-vdde 
certain  rules  with  respect  to  automobile  fuel  ef- 
ficiency to  permit  the .manufacture  of  safe,  non- 
polluting, fuel  efficient  automobiles.  (To  Inter- 
state and  Foreign  Commerce.) 

Status: 

H.R.  5817  Excise  taxes — motor  vehicles— fuel 
consumption  rate 
By  Litton  end  Harrington 

To  provide  an  excise  tax  on  every  new  automobile 
in  an  amount  relating  to-  the  -portion  of  such  auto- 
mobile's  fuel  consumption  rate  which  falls  below 
certain  certain  standards,  to  provide  an  Energy 
Research  and  Dsveloimiant  Trust  Fund.  (To  Hays  and 
Means.) 

Status: 

H.R.  5844  Excise  taxes — motor  vehicles — horse- 
power 

By  Evans(Colb.) 

To  amend  the  Internal  Revenue.  Code  of  1954  to 
impose  a temporary  excise  tax  od  passenger  motor 
vehicles  based  on  horsepower,  to.  amend  the  National 
Traffic  and  Motor  Vehicle  Safety  Act  of  1966  to 
prohibit  the  manufacture  of  passenger  motor  vehi- 
cles -rfiich  do  not  comply  with  certain  llmitatlona 
■with  respect  to  -weight,  fuel  economy,  and  horse- 
power, (To  Ways  and  Keans,  and  Interstate  and 
Foreign  Ccnmerce,} 

Statue: 


H.R.  6031  Research — electric  vehicles 
By  McCormack,  Brown{Calif . ),  Teague,  Mosher, 
Goldwater (Calif. ),  Hechler(M,  Va. ),  Bell,  Fuqua, 
Symington(J.W,-Mo.),  Winn,  Roe,  Thornton,  Myers 
(Pa.),  Scheuer.’Baery,  Ottinger,  Hayes(lnd,), 

Horkin,  Dodd,  Blouin,  Hall,  Lloyd(Tenn.),  Pepper 
eind  Tatron 

To  authorise  in  the  Energy  Research  and  Develop- 
ment Administration  a federal  program  of  research, 
development,  and  demonstration  designed  to  promote 
electric  vehicle  technologies  and  to  demonstrate 
the  commercial  feasibility  of  electric  vehicles. 

(To  Science  and  Technology.) 

Status : 

H.R.  6198  Research — electric  -vehicles 
^ McCormack,  Brown(Colif . ) , Teague,  Mosher, 
Goldwater  (Califs  ),,  Milford,  Abdnor,  Byron,  Duncan 
(Term.),  Ford(Te'nn.),  Grassely,  Guyer,  Harrington, 
Hicks,  Jenrette,  Koch,  Lujan,  McCloskey,  Mazzoli, 
Hix,  Pritchard,  Rodino,  Rosenthal,  Sisk  and  Studda, 
To  authorize  in  the  Energy  Research  and  Develop- 
ment Administration  a federal  program  of  research, 
development  and  demonstration  designed,  to  promote 
electric  vehicle  technologies  and  to  demonstrate 
the  commercial  feasibility  of  electric  vehicles. 

(To  Science  and  Technology. ) 

Status: 

H.E.  6315  Research — elec-trio  -yehicles 
By  McCormack,  Brown{Callf.),  Teague,  Mosher, 
3oldwater(Calif .),  Andrews(H,D'. ),  Cleveland, 

Cotter,  Downey,  Edgar,  Edwards(Calif .) , Fish, 
Frenzel,  Jtagedorn,  Helstoski,  Lent,  Miller  (Ohio ) , 
Mitchell(ir.Y.),  Moorhead(Fa. ) , Moss ( Calif , 

Pickle,  Staggers,  Stark,  \allman  and  Wilson  (Tex.) 

To  authorize  in  the  Energy  Research  and  Develop- 
ment, and  demonstration  designed  to  promote  e- 
lectric  vehicle  technologies  and  to  demonstrate  the 
coBEnercial  feasibility  of  electric  vehicles.  (So 
Science  and  Technology. ) 

Status: 

H.R.  6354  Research— automobile  prototypes 
By  Conaan 

To  establish  a research  and  development  program 
leading  to  advanced  automobile  prototypes.  (To 
Science  and  Technology , ) 

Status; 

H.R.  6531  Research — electric  vehicles 
By  McCormack,  Brown(Calif . ),  Teague,  Mosher, 
Goldwater (Calif.),  Andrews (H.D. ) and  Solarz 

To  authorize  in  the  Energy  Research  and  Develop- 
ment Administration  a federal  program  of  research, 
development,  and  demons-fcration  designed  to  premote 
electric  -vehicle  technologies  and  to  demonatrate 
the  commercial  feasibility  of  electric  vehicles. 

(Ito  Science  and  Technology.) 

Status: 

H.E.  7117 

By  Scharp,  Brodhead,  Aeckhar^t,  Moffett  and  Wifth 
To  require  automobile  manufacturers  to  meet 
mandatory  fuel  economy  standards.  (To  Interstate 
and  Foreign  Commerce.) 

Status: 


Coal  and  Mining 


H.n,  3217  Mining — coal— converBloa 
By  Duncan(Tenn. ) 

To  amend  the  Internal  Revenue  Code  to  encourose 
development  of  processes  to  convert  coal  to  lov- 
pollutant  synthetic  fuels.  (To  Ways  and  Means.) 
Status: 

B.R.  3t333  Safety — occupational — coal  mining 
By  Perkins 

To  amend  the  Federal  Coal  Mine  Health  and  Safe- 
ty Act  of  1969.  (To  Education  and  Labor.) 

Status: 

n.R.  3!tlf  Income  tax  deductions— moving  expenses 
By  Duncan(Tenn. ) 

To  amend  the  tax  treatment  of  moving  expenses. 
(To  Ways  and  Means.) 

Status; 

H.R.  3439  Mining 
By  Johnson(Colo.) 

To  ’provide  that  moneys  due  the  states  under  the 
provisions  of  the  Mineral  Leasing  Act  of  1920,  as 
amended,  may  be  used  for  purposes  other  than  public 
roads  and  schools,  (To  Interior  and  Insular  Affairs) 
Status  : 

H.R. 

, H.R.  3463  Mining — strip — ^regulation 
By  Moorhead(Pn. ) 

To  provide  for  the  cooperation  between  the 
Secretary  of  the  Interior  and  the  states  with 
respect  to  the  reg\J.ation  of  surface  coal  mining 
operations,  and  the  acqiiisition  and  reclamation  of 
abandoned  mines.  (To  Interior  and.  Insular  Affairs.) 
Status: 

H.R.  3836  Research — coal — ^universities 
By  Derwinski 

To  establish  university  coal  research  laborato- 
ries and  to  establish  energy  resource  fellovships, 
(To  Science  and  Technology. ) 

Oil  and  Natural  Gas 

S.  745  Antitrust — ccsspetitive  practices — petroleum 
industry 

By  Nelson,  Abourezk,  McIntyre,  Clark,  Hathaway, 
Packwood  and  Leahy 

To  amend  the  Interstate  Commerce  Act  and  to  pro- 
vide for  regiiiation  of  certain  anticompetitive 
developments  in  the  petroleina  industry.  (To 
Judiciary. ) 

Status ! 

S.  768  Energy — allocations — exemption 
By  Sparkman 

To  exempt  small  independent  oil  products  from 
the  Emergency  Petroleum  Allocation  Act  of  1973.'  (To 
Interior  and  Insular  Affairs . ) 

Status: 

S.  861  Energy — allocations — petroleum  products 
By  Church,  Johnston,  Fannin,  Hansen(Wyo. ), 

Sparkman,  Gravel,  Cranston,  Tunney,  Humptoey, 
Curtis,  McGee,  Bayh,  Abourezk,  Buckley,  ^utoya, 


Moss  (Utah),  Baker,  Eastland,  Hatfield,  McClwe, 

Bent sen  and  Tower 

To  amend  Section  4 of  the  Eaergency  Petroleum 
Allocation  Act  of  1973.  (To  Interior  and  Inaiilar 
Affairs.) 

Status: 

S.  922  Energy — allocations— natural  gas 
By  Montoya 

To  amend  the  Naturtl  Gas  Act  in  order  go  give 
the  Federal  Power  Conmission  emergency  authority  to 
allocate  supplies  of  natural  gas  for  agricultural 
purposes,  (To  Commerce . ) 

Status: 

S,  973  Income  tax — incentives— fuel  use 
By  Bentsen 

IBo  amend  the  Internal  Revenue  Code  of  1954  to 
provide  incentives  for  the  efficient  use  of  gaso- 
line and  the  increased  use  of  coal  and  to  encourage, 
the  development  of  synthetic  fuels  and  solar  energy, 
(To  Finance.) 

Status; 

S.  1113  Bubllc  lands — petroleum  reserves — es- 
tablishment. 

By  Hatfield 

To  authorize  the  Secretary  of  the  Interior  to 
establish,  on  certain  public  lands  of  the  United 
States,  national  petroleum  reserves,  the  develop- 
ment of  which  needs  to  be  regulated  in  a manner 
consistent  with  the  total  energy  needs  of  the 
nation.  (To  Armed  Services,  Interior  and  Insular 
Affairs,  and  Banking,  Housing  and  Urban  Affairs.) 
Status ; 

S,  1138  Antitrust — competitive  practices — 
petroleum  industry 
By  Hatfield 

To  amend  the  Clayton  Act  to  preseiore  competition 
in  the  oil  and  gas  pipeline  industries  in  the 
United  States,  (To  Judiciary.) 

Status; 

S,  1139  Mining 
By  Hatfield 

To  amend  the  Act  of  February  25,  1920  (30  U.S.C, 
226(b)),  and  the  Outer  Continental  Shelf  Lands  Act 
(43  U.S.C.  1337).  (To  Interior -and  Insular  Affairs.) 
Status : 

S.  1182  Mining — oil  and  gas — ^leasing 
'By  Roth 

To  amend  certain  provisions  of  law  relating  to 
the  leasing  of  oil  and  gas  deposits  of  the  United 
States,  (To  Interior  and  Insular  Affairs.) 

Status; 

S.  1186  States  and  municipalities — costal  states — 
continental  shelf  development" 

By  Hathaway 

To  amend  the  Outer  Continental  Shelf  Lands  Act 
In  order  to  conduct  a con5)rehenslve  study  of  the 
Outer  Continental  Shelf,  to  promote  the  development 
of  Outer  Continental  Shelf  oil  and  gas  resources, 
to  provide  for  protection  of  the  environment,  to 
promote  competition  in  the  production  of  oil  and 
gas  from  the  Outer  Continental  Shelf,  to  authorize 
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S.  1383  Mining— and  gas— coastol  zones 
By  Bentsen 

To  oacnd  the  Outer  Continental  Shelf  Lands  Act 
with  respect  to  payments  to  he  made  under  oil  and 
gas  leases  pursuant  to  Such  Act.  (To  Interior  and 
Insular  Affairs.) 

Status: 

S.  lhD5  Energy — allocations — gasoline 
By  Vfelcher 

To  provide  for  the  rationing  of  gasoline,  to 
restrict  imports  of  crude  oil,  to  provide  for  the 
conservation  of  energy,  (To  BanJcing,  Housing  end 
Urgan  Affairs,  finance,  and  Interior  oivd  insiOar 
Affairs.) 

Status ; 

S.  I52I4  Income  tax  deductions— depletion  ailovance 
— oil  and  gas  veils 
By  Hathaway 

To  terminate  percentage  depletion  for  oil  and 
gas  veils-  ('fn  Finance.) 

Status: 

S.  1546  Armed  forces — petroleum  supply — allo- 
cation 
By  Jackson 

To  amend  Title  10,  United  States  Code,  to  pre- 
vent discrimination  against  the  armed  forces  of  the 
United  States  in  the  supply  of  petroleum  products. 
(To  Judiciary.) 

Status: 

S.  1595  Imports — license  fees — oil 
By  Jackson  and  Fannin* 

To  authorize  the  payment  of  oil  Import  license 
fees  collected  for  imports  into  Puerto  Rico,  and 
for  imports  into  the  nustoms  Territory  of  the  Unit- 
ed States  from  the  U.S,  Virgin  Islands.  (To  Interi- 
or and  Insular  Affairs.) 

Status: 

H.R,  3273  Energy— domestic  supplies 
By  Preyer,  Ashley,  Carter,  Coughlin,  Davis,  Devine, 
Dodd,  doodling,  Helstoski,  Huhhard,  Regula,  Boe, 
Seiberling,  Schneebeli,  Treen  and  Yatron. 

To  give  greater  a-surance  that  national  and  re- 
gional needs  are  satisfied  in  times  of  shortage  of 
natural  gas  and  petroleum  and  its  products.  (To 
Interstate  and  Foreign  Commerce.) 

Status: 

H.R,  3322  Antitrust — petroleum  industry — franchised 
dealers 

By  Litton,  McCloskey,  Rees,  Schroeder,  Addabho, 
LaFalce,  McCormack,  Holtzman,  Harrington,  Ryan, 
Krebs,  Lent;  Wilson(Tex. ) , Ford(Tenn,),  Anderson 
(111.),  Spelijnaa,  Moorehead(Caiif . ),  Abzxig,  Beard 
(R.I.),  Gude,  Ga^os,  ■Mitchell(Md. ),  Burgener, 

Downey  and  Stokes. 

To  provide  for  protection  of  franchised  dealers 
in  petroleum  products.  (To  Interstate  and  Foreign 
Commerce. ) 

Status: 


H.R,  3323  Antitrust— petroleum  Industry— franchised 
dealers 

By  Litton,  Steiger (Wls, ) , Roe,  Roncalio,  AuColn, 
Evansdnd.),  McKinney,  1-fur tha,  Simon,  Fascell, 
Hays(Ohio),  Cormon,  Richmond,  Thompson,  Stork, 
Edwards (Calif.),  Eilberg,  Boggs,  Studds,  Hechler 
(W.  Va. ),  Zeferetti,  Sarbanes,  Fraser,  Ketchum  and 
Coughlin, 

To  provide  for  protection  of  franchised  dealers 
in  petroleum  products.  (To  Interstate  and  Foreign 
Commerce. ) 

Status ; 

H.R.  3324  Antitrust — petroleum  Indus  try— franchised 
dealers 

By  Litton,  Blester,  Peyoer,  Heal,  Saraein  and 
Jeffords. 

To  provide  for  protection  of  franchised  dealers 
in  petroleum  product^.  (To  Interstate  and  Foreign 
Coameroe.) 

Status: 

H.R.  3399  Antitrust — ^petroleum  industry- 
franchised  dealers 
By  Broomfield 

Ito  provide  for  protection  of  franchised  dealers 
in  petroleum  products.  (To  Interstate  and  Foreign 
Commerce . ) 

Status : 

H.R,  3481  States  and  municipalities — coastal 
states — shelf  lands  development 
By  Roe 

To  amend  the  Coastal  Zone  Management  Act  of  1972 
to  authorize  financial  assistance  to  coastal  states 
to  enable  the™  to  study,  assess,' and  plan  the  ef- 
fects of  offshore  energy-related  facilities  and 
activities  in  or  on  the  Outer  Continental  Shelf  on 
their  coastal  zones,  and  to  provide  for  needed 
public  facilities  and  services;  to  provide  assist- 
ance to  the  coastal  states  for  coordinating  coastal 
zone  planning,  policies,  and  programs  in  contiguous 
interstate  areas.  (To  Merchant  Marine  and  Fisheries) 
Status: 

H.R.  3594  Mining — oil  shale— state  share 
By  Johnson ( Colo. ) 

To  provide  that  moneys  due  the  states  under  the 
provisions  of  the  Mineral  Leasing  Act  of  1920,  as 
amended,  derived_from  the  development  of  oil  shale 
resources,  may  be  used  for  purposes  other  than 
public  roads  and  sehools.  (To  Interior  and  Insular 
Affairs.) 

Status : 

H.R.  3753  Energy — natural  gas — deregulation 
By  Archer 

To  provide  that  certain  provisions  of  the  Natur- 
al Gas  Act  relating  to  rates  and  charges  shall  not 
apply  to  persons  engaged  in  the  production  or 
gathering  and  sale  but  not  in  the  transmission  of 
natural  gas,  (To  Interstate  and  Foreign  Conmerce.) 
Status : 

H.R.  3755  Ihergy — natural  gas — agricultural  uses 
By  Bauman 

To  establish  priority  allotments  for  natural  gas 
used  produce  fertilizer  and  agricultural  chemicals. 
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(lo  Interstate  and  ForelBH  Conmerce, ) 

Status: 

H.R.  3808  Mlnlng“~oll  and  gas— outer  continental 

shelf 

By  Studds 

To  establish  a policy  for  the  management  of  oil 
and  natural  sue  in  the  Outer  Continental  Shelf;  to 
protect  the  narine  and  coastal  envlroaiaent ; to 
amend  the  Outer  Continental  Shelf  Lands  Act.  (To 
Judiciary,  Merchant  Marine  and  Fisheries,  Interior 
and  Insular  Affaira,  and  Science  and  Technology.) 
Status : 

H.R.  3850  Imports — ^reduction — oil 
By  Gude 

To  amend  the  Etaergeney  Petroleum  Allocation  Act 
of  1973  to  reduce  foreign  oil  imports  and  reliance 
on  such  imports  by  directing  the  President  to  eqult 
ably  allocate  gasoline  and  to  recommend  to  tbe 
Congress  an  increase  in  the  federal  excise  tax  on 
gasoline  purchases  not  subject  to  the  program. 

(To  Interstate  and  Foreign  Commerce.) 

Status^ 

H.E.  3870  Energy — gasoline  rationing — authority 
By  McKinney 

To  amend  the'  Eaergency  Petroleum  Allocation  Act 
of  1973  to  direct  the  President  to  ration  gasoline, 
to  aaend  the  Internal-  Revenue  Code  of  195/*  to  im- 
pose an  energy  conservation  tax  on  gasoline.  (To 
Interstate  and  Foreign  Commerce,  and  Ways  and 
^eons. ) 

Status: 

JC.E.  3876  Energy — ^prices — ^natirral  gas 
By  Moss,  Abzug,  Adams,  Badillo,  Brodhead,  Browx 
(Calif.),  Burke (Calif, ),  Carney,  Corman,  Dingell, 
Prinan,  Eckhardt,  Eil^erg,  Edwards (Calif.), 

Fascell,  Ford(Tenn»),  Harrington,  Matsunaga, 
Dttinger,  Bees,  Eeuss,  Richmond,  Rooney,  Echeuer 
and  Sullivan. 

To  regulate  commerce  and  amend  the  Natural  Gas 
Act  so  as  to  provide  increased  supplies  of  natural 
gas,  oil,  and  related  products  at  reasonable  price: 
to  the  consumer.  (To  Interstate  and  Foreign  Can- 
merce . ) 

Status : 

H.R.  3906  Energy — prices--oil 
By  Vanik,  Abzug,  flmbro,  AuCoin,  Badillo,  Bennett, 
Boland,  Brademas,  Burke{Calif.),  Conyers,  Corman, 
Daniels(ff,  J, ),  Danielson,  Duncaa(Qre.) , Edwards 
(Calif.),  Fascell,  Ford(Mich. ),  Ford(Tenn.), 

Fraser,  Gilman,  Gude,  Harris,  Hechler(W,Va. }, 

Kicks  and  Hughes. 

To  amend  the  Energency  Petroleum  Allocation  Act 
of  1973  to  prohibit  the  President  frera  increasing 
the  price  of  certain  crude  oil  by  more  than  $1  per 
barrel  per  year.  (TO  Interstate  and  Foreign  Com- 
merce.) 

Status: 


H.R,  3981  See  Enrlronment 

H.R.  1(059  Energy — allocations — gasoline 
By  Adams 

To  amend  the  Eiaergeney  Petroleum  Allocation  Act 
of  1973  to  establish  a program  for  the  creation 
and  distribution  of  gasoline  entitlements,  (To 
Interstate  and  Foreign  Commerce, ) 

Status: 

H.R,  I1061  Income  tax  credits — ^foreign  taxes— oil 
and  gas  wells 
By  Daniels (H.J.) 

To  amend  the  Internal  Revenue  Cede  of  1954  to 
deny  percentage  depletion  in  the  case  of  of  foreign 
oil  and  gas  veils  to  deny  -the  deduction  for  in- 
tangible drilling  and  development  costs  in  the  case 
of  such  wells  and>tp  deny  the  foreign  tax  credit 
for  toxes  paid  to  foreign  countries  which  are  at- 
tributable to  foreign  oil  related  income,  (To  Ways 
and  Means . ) 

Status : 

H.R.  4ll2  Mining — oil  eind  gas — coastal  zones 
By  Yates 

To  establish  policy  for  the  management  of  oil 
and  natural  gas  in  the  Outer  Continental  Shelf;  to 
protect  the  marine  and  costal  environment;  to  attend 
the  Outer;  Continental  Shelf  Lands  Act,  (To  Judici- 
ary, Merchant  Marine  and  Fisheries,  Interior  end 
Insular  Affairs,  and  Science  and  Technology.) 

Status: 

H.R.  4274  "Natural  resources — natural  gas — 
priority  use 

By  Ai!drews(K.D,),  Davis,  Stuckey  and  Evans(Colo.) 

To  provide  priority  system  for  certain  agri- 
cultural uses  of  natural  gas.  (To  Interstate  and 
Foreign  Commerce.) 

Status; 

H.R.  4282  Imports— petroleum — government  purchase 
By  Cotter 

To  provide  that  all  petroleum  imported  into  the 
Ifaited  States  after  September  1,  1975,  shall  not  be 
available  for  pourchase  other  than  by  the  Govern- 
ment of  the  United  States.  (To  Ways  and  Means,  and 
Interstate  and  Foreign  Commerce.) 

Status ; 

H.R.  4301  See  Environment 

4307  Ecology — recycled  materials— oil 
By  Heistoski 

To  direct  the  Director  of  the  National  Bureau  of 
Standards  to  issue  regulations  with  respect  to  re- 
cycled oil.  (To  Science  and  Technology,  and  Ways 
and  Means.)  ^ 

Status; 

H.R.  .4321  fiiergy — shortage — natural  gas 
By  Rreyer,  McKinney  and  Mitchell(N.Y, ) 

To  give  greater  assurance  that  national  and 
regional  needs  are  satisfied  iri  times  of  shortage  • 
of  natural  gas  and  petroleum  and  its  products.  (To 
Interstate  and  Foreign  Coamierce*) 

Status: 
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H.  E,  Energy~allocatlons--exemptlon 

By  Pickle,  Boggs,  Ander son{ Calif, ),  Waggoner, 
screen,  Wright,  Long(l>a. ),  Von  Decrlin,  WoMiiaa  and 
Krueger. 

To  emend  the  Bnergency  Petroleum  Allocation  Act 
of  1973  (Public  Law  93-159)  to  exempt  the  first 
sale  of  the  share  of  a state  or  local  government 
or  a subdivision  thereof  in  crude  oil  produced  in 
the  United  States  from  the  mineral  or  leasehold 
estate-of  any  state  or  local  government  or  subdivi- 
sion owned  lands,  (To  Interstate  and  Doreign  Com- 
merce.) 

Status : 

H.R,  U1j8J  Energy — natural  gas — agricultural  uses 
By  AndreWs{if.D.  ),  Bavis,  Stuckey,  Evans(Colo,  ), 
and  Bergland. 

To-  provide  priority  system  for  certain  agri- 
cultural uses  of  natural  gaa,  (To  Interstate  and 
Foreign  Commerce.) 

Status; 

H.R,  Ul<88  Energy — aUocation*—c ; .nptioa 
By  Boggs,- Pickle,  Breaux,  Herbei  . Burls  son  ( Tex. ) , 
Lujan,  Patman,  Young(Tex.  ),  Coll  ,>.,j (Tex, ) , Wilson 
(Tex , ) , Milford , Moore , Kazen , Bi-coks , Archer , 
Mshon,  Roberts,  Steelman,  Casey,  Jlannaford, 

Passman  and  Wilson(C.IJ,-Callf ,) 

To  amend  the  Eiiergency  PetroleiM  Allocation  Act 
of  1973  (Public  Law  93-159)  to  exempt  the  first 
sale  of  the  share  of  a state  or  local  government  03 
a subdivision  thereof  in  C3mde  oil  produced  in  the 
United  States  from  the  mineral  or  leasehold  estate 
of-  any  state  or  local  government  or  subdivision 
pwned  lands,  (To  Interstate  and  Foreign  Commerce.) 
Status; 

E.R,  U518  See  Environment 

H.R,  U55I*  Energy — allocations — petroleum  products 
By  Rousselot 

To  repeal  the  Hnergency  Petroleum  Allocation  Act 
(To  Interstate  and  Foreign  Commerce.) 

Status: 

H.R.  U907  Antitrust — competitive  practices-— 
petroleum  industry 
By  nechler(W.Va, ) 

To  amend  the  Clayton  Act  to  preserve  and  promote 
competition  among  corporations  in  the  production  of 
oil,  natural  gas,  coal,  oil  shale,  -tar  sands,  ura- 
nium, geothenaal  steam,  and  solar  energy-  (To 

Judiciary. ) 

Status : 

H.R.  1*910  Antitrust — competitive  practices— 
petrolevm  industry 
By  Hechler(W.Va. ) 

To  amend  the  Clayton  Act  to  provide  for  ad- 
ditional regulation  of  certain  anticompetitive 
developments  in  the  petroleum  Industry,  .(ito 
Judiciary,  and  Interstate  and  Foreign  Commerce.) 
Status: 

H.R.  4958  Severance  taxes — distribution— energy- 

sources 

By  Perkins 

To  impose  a tax  on  the  severance  of  oil,  gaa. 


and  coal,  aiii  to  return  the  proceeds  of  such  tax 
to  the  counties  from  which  such  oil,  gas,  or  coal 
was  token.  (To  Ways  and  Means.) 

Status: 


H.R.  5043  States  and  municipalities— coastal 
states — continental  shelf  development 
By  Downey 

To  establish  a policy  for  the  management  of  oil 
and  natural  gas  In  the  Outer  Continental  Shelf;  to 
protect  the  marine  and  coastal  environment;  to 
amend  the  Outer  Continental  Shelf  Lands  Act.  (To 
Judiciary,  Merchant  Marine  and  Fisheries,  Interior 
and  Insular  Affairs,  and  Science  and  Technology.) 
Status: 

H.H.  5173  Public  lands—petroleum  resenres— 
establishment 

By  Melcher,  Johnson (Calif, ),  Stelger(Ariz.),  Udall, 
Skubitz,  Clausen(Eon' H. -Calif.  ),  Byron,  Young 
(Alaska),  Santini,  Johnson(Colo. ),  Tsongas, 
Risenhoover,  Patman,  Bell,  Taylor(lI.C.),  Ruppe, 
Kastenmeier,  Lujan,  Mink,  S'ebelius,  Meeds, 

Steelman,  Bingham  and  Ketchum. 

To  authorize  the  Secretary  of  the  Interior  to 
establish  on  certain  public  lands  of  the  U.S, 
national  petroleum  reserves  the  development  of 
which  needs  to  he  regulated  in  a -manner  consistent 
wi-fch  the  total  energy  needs  of  the  nation,  (®> 
Interior  and  Indular  Affairs . ) 

Status ; 


H.R.  5279  Energy — allocations — ^petroleum  products 
By  Vanik  and  Leggett 

To  amend  the  Bnergency  Petroleum  Allocation  Act 
of  1973  to  prohibit  the  President  from  increasing 
the  price  of  certain  arude  oil  by  more  than  $1  per 
bairel  per  year,  (To  Interstate  and  Foreign  Com- 
merce. ) 

Sta-tus: 

H.R.  5505  House  of  Representatives  committees— 
select,  establishment — natural  gas  and  pe-troleum 
rese3TVes 
By  Ashley 

To  create  a select  committee  to  make  investi- 
gations and  studies  relating  to  natwal  gas  and 
petroleum  reserves.  (To  Rules.) 

Status : 


H.R.  5510  linpojrts — license  fees— oil 
By  deLugo 

To  authorize  the  payment  of  oil  Import  license 
fees  collected  for  imports  into  Puerto  Rico,  and 
for  Imports  into  the  Customs  Territory  of  the 
United  States  from  the  U.S.  Virgin  Islands.  (To 
Appropriations. ) 

Status: 


H.R.  5663  Antitrust — petroleum  Indus-try— franchis- 
ed dealers 
By  Sisk 

To  provide  for  the  protection  of  franchised  dis- 
tributora  and  retailers  of  motor  fuel.  (To  Inter- 
state and  Foreign  Commerce, ) 

Status: 


t 
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E,R.  5S70  Government  contracts — petroleum— -roreigji 

supply 

By  Faseell 

To  provide  for  the  review  of  petroleum  Import 
supply  contracts  and  to  provide  for  authority  fo*^ 
the  government  to  enter  into  foreign  supply  con** 
tracts  end  to  provide  for  authority  for  the  govern- 
ment to  enter  into  foreign  supply  contracts  for 
petroleum.  {To  Ways  and  Means  and  Interstate  and 
Foreign  Ccmsierce  , ) 

Status i * 

H.E.  57^6  Government  contracts 
By  Harris 

To  provide  that  oil  and  gas  from  federal  lands, 
including  the  Outer  Continental  Shelf  > shall  be 
produced  by  private  persons  under  contract  with  the 
United  States  and  marketed  by  the  United  States, 

(To  Interior  and  Insular  Affairs  and  Rules.)’ 
Status: 

H.H.  5870  Energy — allocations — regulations 
By  Drinan,  Baucus,  Bedell,  Bingham,  BroroCCalif.), 
Cornell,  Cotter,  Downey,  Edwards(Calif , ) , Ford 
(Tenn.;,  Gude,  Hawkins,  Hechler(W.Va. ) and 
Helstoski, 

To  require  the  President  to  take  all  necessary 
action  to  strictly  enforce  the  regulation  promul- 
gated under  Section  U of  the  ESnergency  Petroleum 
Allocation  Act  of  1973  and  1 orders  issued  under 
such  Act.  (To  Interstajie  and  Foreign  Commerce.) 
Status : 

H.R,  5871  Energy — allocations — ^regulations 
by  Drinan,  Hicks,’  Holtzman,  Maguire,  Mitchell{Md. ), 
Moakley,  Ottinger,  Richmond,  Roe,  Roybal,  Solar z, 
Spellman,  Stark,  Thompson  and  Tsongas 

To  require  the  President  to  take  all  necessary 
action  to  strictly  enforce  the  regulation  promul- 
gated under  section  4 of  the  Energency  Petroleum 
Allocation  Act  of  1973  and  all  orders  Issued  under 
such  act..  (To  Interstate  and  Foreign  Coomierce,) 
Status: 

K.R.  6068  Justice  Depar’tanent — speeinl  office- 
natural  gas 
By  MoDade 

To  establish  a special  office  in  the  Eepar’tment 
of  Justice  to  represent  industrial  end  users  of 
natural  gas  in  any  proceeding  before  the  Federal 
Power  Commission  -with  respect  to  the  curtailment  of 
natiwal  gas  supplies.  (TO  Judiciary, ) 

Status; 

H.R.  6127  Energy — -prices — oil 
By  Ioung(Fla. ),  and  Tsongas 

To  emend  the  Eaergency  Petroleum  Allocation  Act 
Of  1973  to  provide  for  the  equ^ization  of  residual 
fuel  oil  prices  charged  to  public, private,  and  iu- 
vested-oiraed  utilities  and  other  persons  using  such 
oil.  (To  Interstate  and  Foreign  Commerce.) 

Status; 


H ,R,  6310  Energy— price — oil 
By  Haery 

To  amend  the  Internal  Revenue  Code  to  encourage 
the  continuation  of  family  farms,  (To  Ways  and 
Means). 

Sta’fcus: 

H.R.  6377  Ecology — recycled  materials — oil 
By  Vanik,  Bedell,  Carr,  Evans (Ind.),  Ellberg, 
Fithian,  Hannaford,  Jeffords,  Rangel,  Seihcrling, 
Solarz  and  Stokes. 

It)  provide  for  the  recycling  of  used  oil.  (Tto 
Interstate  and  Foreign  Commerce,  Ways  and  Means, 
Government  Operations,  and  Science'  and  Technology,) 
Status: 

H.R.  6385  Antitrust — ^petroleum  indus’try— 
Franchised  dealers 
By  Downey 

To  regulate  connnerce  and  to  protect  petroleum 
product  dealers  from  unfair  practices.  (To  Inter- 
state and  Foreign  Commerce.) 

Sta-tus : 

K.R.  6520  Consumer  protection— disclosure — gaso- 
line 

By  Dingell  and  Conte 

To  require  that  certain  information  about  auto- 
motive gasoline  octane  be  disclosed  to  consumers. 

(To  Int.erstate  and  Foreign  Commerce.) 

Status: 

H.R,  6557-.  -Ehefsy — prices 
By  EHlberg 

Td  amend  the  Federal  Energy  Administration  Act 
of  1974'  ip  'order  to  provide  for  the  prohibition  of 
certain  d-iscriminatory  practices  in  the  pricing  of 
fuels  and  other  forms  of  energy,  including  elec- 
tricity^ ’f  (To  Interstate  and  Foreign  Commerce.) 
Status; 

H.R,  6598  Energy — Research  and  Development  Admini- 
stration— synthetic  fuels  production 
By  Perkins 

To  provide  for  acquisition  and  construction  by 
the  Energy  Research  and  Development  Administrator 
of  facilities  for  the  production  of  synthetic  fuels 
from  coal  and  oil  shale,  for  lease  of  such  facili- 
ties to  private  enterprise  for  operation  and  market- 
ing of  output,  and  for  sale 'or  other  disposition- of 
such  facilities  to  private  enterprise  ’with  certain 
disposition  of  such  facilities  to  private  enter- 
prise with  certain  options  for  such  leases.  (TO 
Interior  and  InsiHar  Affairs.) 

Status: 

H.R.  6927  See  Transportation 

H.R.  7018  Energy — prices — ^regudation 
By  Brown (Ohio) 

To  amend  the  Haergency  Petroleum  Allocation  Act 
of  1973  by  adding  at  the  end  thereof  a new  Section 
’with  respect  to  crude  oil  price  regulation,  (To 
Interstate  and  Foreign  Commerce,  and  Ways  and 
Keans.) 

Status : 
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H.R.  7116  Income  tax  credits— exploration  and 
development — oil 
By  Archer 

To  provide  a tax  credit  for  expenditures  imde 
in  the  exploration  and  development  of  nev  reserves 
of  oil  and  gas  in  the  United  States.  (To  Ways  and 
Means.) 

Status; 

Solar  Geothermal,  Atomic 
and  Energy  from  Solid  Waste 

S.  99**  Authorizations — supplemental  1975“ 

Ifucleor  Regulatory  Commission 
By  Pastore 

To  authorize  supplemental  appropriations  to  the 
Nuclear  Regulatory  Commission  for  fiscal  year  1975. 
(To  Atomic  Energy. ) 

Status : 

5.  1199  Atomic  energy— uraniun  tailings — Utah 
By  Moss (Utah) 

To  authorize  the  Energy  Research  and  Develop- 
ment Administration  to  enter  into  a cooperative 
agreement  vlth  the  State  of  Utah  to  remove  and 
dispose  of  uranium  mill  tailings.  (To  Atcmic 
Energy. ) 
status : 

6.  1379  3iicoine  tax  credits — solar  energy  equipment 
By  Fannia 

To  amend  the  Internal  Revenue  Code  of  195*t  to 
provide  for  tax  credits  for  certain  applications  of 
solar  energy  equipment,  (To  Finance.) 

Status; 

S.  ll;!**  Solid  waste  disposal — resource  recovery 
By  Domenicl  and  Stafford 

To  amend  the  Solid‘}?aste  Disposal  Act  to  author- 
ize state  program  and. implementation  grants,  to  en- 
courage full  recovery-  of  energy  and  resowces  from 
solid  waste,  to  reduce  waste,  to  control  the  dis- 
posal of  hazardous  wastes.  (To  Public  Vorhs.) 
Status: 

S.  1716  Authorizations 
By  Pastore  and  Baker 

To  authorize  appropriations  to  the  Hucleeir 
Regulatory  Commission  in  accordance  with  Section 
261  of  the  Atomic  Energy  Act  of  195**,  as  amended, 
and  Section  305  of  the  Energy  Reorganization  Act  of 
197^.  (To  Appropriations.) 

Status: 

S.  1717  Atomic  energy— production  sites 
By  Pastore  and  Baker 

To  amend  the  Atomic  Ehergy  Act  of  195^ > ds 
amended,  to  provide  for  approval  of  sites  for  pro- 
duction and  utilization  facilities,  (To  Atomic 
Energy, ) 

Status: 

H.R.  327I;  Authorizations— fiscal  1975— Nuclear 
Regulatory  Commisaioa 
By  Price 

To  authorize  appropriations  to  the  Nuclear 
Regulatory  Commission  In  accordance  vlth  Section 


261  of  ' the  Atraiic  Energy  Act  of  195H,  as  amended, 
and  Section  305  of  the  Energy  Reorganization  Act  of 
197l».  (To  Atomic  Ehergy.) 

Status! 

H.R.  3275  Authorizations — supplemental  1975 — 
tiuclear  Regulatory  Commission 
By  Price 

To  authorize  supplemental  appropriations  to  the 
Nuclear  Regulatory  Copaisslon  for  fiscal  year  1975* 
(To  Atomic  Energy.) 

Status: 

H.R.  3809  Atomic  energy — nuclear  power  ’facilities 
By  Thornton 

To  create  a National  Power  Resources  Authority 
for  the  development  of  nuclear  power  facilities, 

(To  Atomic  Energy.) 

Status: 

H.R.  3849  Housing — low  interest  loan  prograa — 
insulation  and  heating  equipment 
By  Gude 

To  establish  in  the  Department  of  Housing  and 
Urban  Development  a direct  low-interest  loan  pro- 
gram to  assist  homeovraers  and  builders  in  purchas- 
ing and  installing  solar  heating  (or  combined  solar 
heating  and  .cooling)  equipment!  (Tp  Banking,  Cur- 
rency and  Bousing.) 

Status: 

H.R.  3909  Noise  abatement — aircraft — sonic  booms 
By  Wolff,  Burke (Calif ,) , Roybal,  Yates,  Mitchell 
(Md.),  Harrington,  Tsongas,  Studds,  Abzug, 

Addabbo,  Badillo,  Koltzman,  Koch,  Pattison,  Rangel, 
Scheuer,  Solarz,  Seiberling,  Eilberg  and  Ford(Tenn.) 

To  prohibit  commercial  flights  by  supersonic  air- 
craft into  or  over  the  United  States  until  certain 
findings  are  made  by  the  Administrator  of  the 
Environmental  Protection  Agency  and  by  the  Secre- 
tary of  Ti-anspbrtation.  (To  Public  Works  and  Trans- 
portation. ) 

Status; 

H.R.  *»619  Housing-low  interest  loan  program — 

insulation  and  heating  equipment 

By  Gude,  Downing,  Downey,  Helstoski,  Giaimo, 

Drinaa,  Mgar,  Coughlin,  Anderson(Calif , ),  Fascell, 
Stark,  Eilberg,  Bedell,  'Rlclmond,  Sarbanes,  Yates 
and  Harris. 

To  establish  in  the  Department  of  Housing  and 
Urban  Development  a direct  low-interest  loan. pro- 
gram to  assist  homeowners  and  builders  in  purchas- 
ing and  installing  solar  heating  (or  combined  solar 
heating  and  cooling)  equipment.  (To  Banking,  Cur- 
rency and  Housing.) 

Status : 

H.R.  It9l45  Atomic  energy— licensing— plutonium 
By  Aspin,  Ahzug,  Badillo,  Edgar,  Eawards(Callf . ), 
Fascell,  Fish,  Hannaford,  Harrington,  Hawkins, 
Hechler(W.Va, ),  Holtzman,  Hubbard,  Koch,  Moakley, 
Moorhead (Pa. ),  Mottl,  Neal,  Ottinger  and  Pattison, 
To  prohibit  the  licensing  of  certain  activities 
regarding  plutonium  until  expressly  authorized  by 
Congress,  end  to  provide  for  a cemprehensive  study 
of  plutouixmi  recycling:  (To  Atomic  Energy. ) 

Status: 
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K.R.  k$k6  Same  aa  H.R.  l»9l*5 

K.R,  l»97x  Atomic  energy— nuclear  pover  plants— 
construction  licenses 
By  Pish  and  Pattleon 

To  terminate  the  granting  of  construction 
licenses  of  nuclesir  fission  poverplants  in  the 
United  States  pending  action  by  the  Congress  foUov- 
ing  a comprehensive  five-year  study  of  the  nuclear 
fuel  cycle,  with  particular  reference  to  its  safety 
and  environmental  hazards,  to  he  conducted  by  the 
Office  .of  Technology  Assessment.  (To  Atomic  Energy) 
Status: 

H.R.  3^06  Atomic  energy — nuclear  fuel  cycle  study 
By  Brineh 

To  provide  for  a comprehensive  five-year  study 
of  nuclear  fuel  cycle,  with  particular  reference  to 
its  safety  and  environmental  hazards,  to  he  con- 
ducted by  the  Office  of  Technological  Assessment, 
(To  Atomic  Energy.) 

Status: 

H.R.  ^460  Housing— lovf  interest  loan  program— 
insiaation  and  heating  equipment 
By  Gude,  Mitchell(Md. ) , Fenwiclc,  Mann,  Jenrette, 
Stokes,  IIecker(Mass« ),  Blanchard,  Hannaford, 
Cleveland  and  Hlrtb. 

To  establish  in  the  Department  of  Housing  and 
Urban  Development  a direct  low-interest  loan  pro- 
gram to  assist  homeowners  and  builders  in  purchas- 
ing and  installing  solar  heating  (or  combined  solar 
heating  and  cooling)  eq\;iipment.  (To  Banking,  Cur- 
rency and  Housing. ) 

Status; 

H.R.  5693  Atomic  energy 

By  Idoyd(Tenn. ),  QulUen,  Duncan (Tenn, ) , Evins 
(Tenn.),  Fulton,  Beard(Tenn. ) , Jone3(T6nn.)  and 
Ford (Tenn. ) 

To  amend  the  Atomic  Energy  Community  Act  of  1955 
to  authorize  the  Adalnistratoi:  of  the  Biergy  re- 
search and  Development  Administration  to  maia  as- 
sistance payments  to  Anderson  County  and  Roane 
Covinty,  Tennessee.  (To  Atomic  Energy.) 

Status: 

H.R.  5833  Research — magnetohydrodynanlcs 
By  Baucus,  Bedell,  Carney,  Carr,  Cornell,'  Coughlin, 
Danlels(N.J. ) , Prenzel,  Harrington,  Hawkins,  Ichord, 
Krehs,  Weal,  Pepper,  Roybal,  Spellman,  Studds, 
Tsongas,  Weaver,  Wilson  (Texas ) , Winn  and  Yatron. 

To  authorize  a -vigorous  federal  program  of  re- 
search, development,  and  demonstration  to  eissure 
the  utilization  of  MHD(^Magaetohy^odynamic8)  to  as- 
sist in  meeting  our  national  energy  needs.  (To 
Science  and  Technology.) 

Status: 

H.R.  5959  Income;  tax  credits— residential  improve- 
ments— insulation 
Ry  Wylie 

To  amend  the  Internaa  Revenue  Code  of  1954  to 
provide  a tax 'Credit  for  expenditures  by  a taxpayer 
for  solar  heating  and  cooling  equipment  installed 
in  new  or  existing  buildings,  and  a tax  credit  for 
expenditures  by  an  Individual  for  insulation  in  such 
individual's  principal  residence. (To  Ways  & Heans.) 


H.R.  6329  See  Environment 

K.R.  6394  Atomic  energy-licensing — plutonium 
By  Aspln,  Bedell,  Bingham,  Burke (Colif.),  Carr, 
Carter,  Daniel3{W,J^ ) , Fenwick,  ^aser.  Hall, 

Harkin,  Heckler(Mass, ) , Metcalfe(lU. ),  Moakley, 
Moffett,  Richmond,  Rodino,  Roe,  Rose  and  Rosenthal. 

To  prohibit  the  licensing  of  certain  activities 
regarding  plutonium  until  expressly  authorized  by 
Congress,  and  to  proviae  for  a comprehensive  study 
of  plutonium  recycling.  (To  Atomic  tiiergy. ) 

Status: 

H.R.  6584  Income  tax  credits — investment  credits — 
insulation 

By  Gude  , 

To  amend  the  Internal  Revenue  Code  of  195>»  to 
allow  a taxpayer  to  amortize  over  a 60-month  period, 
solar  beating  and  booling  equipment,  which  is 
placed  in  service  for  nonresidential  structures,  or 
in  lieu  of  such  amortization,  to  take  an  investment 
tax  credit  for  such  equipment.  (TO  Ways  and  Means.) 
Status: 

H.R,  6870  Atomic  energy— nuclear  power  plants— 
cons'bruction  licenses 

By  Fish,  Abzug,  Bedell,  Blouln,  Bonker,  Chishota, 
Dellums,  Edgar,  Fenwick,  Harkin,  Hechler(V,Va«) , 
Mezvinsky,  HitcheH(Md, ),  Moakley,  Moffett,  Mottl, 
Pattison,  Hodino,  Rosenthal,  Roybal,  Seiberling 
and  Weaver, 

To  terminate  the  granting  of  constmction 
licenses  of  nuclear  fission  powerplauts  in  the 
United  States  pending  action  by  the  Congress  fol- 
lowing a comprehensive  '5-year  st\i^  of  the  nuclear 
fuel  cycle,  'fd.th  particular  reference  to  Its  safety 
and  environmental  hazards,  to  be  conducted  by  the 
Office  of  Technology  Assessment.  (To  Atomic  Energy.) 
Status: 

H.R.  7001  Authorizations 
By  Price 

To  authorize  appropriations  to  the  Huclear  Regu- 
latory Commission  in ■ accordance  with  Section  261 
of  the  Atonic  Energy  Act  of  1954,  as  amended,  and 
Section  305  of  the  Energy  Reorganization  Act  of 
1974.  (To  Atomic  Energy, ) 

‘Status : 

H.R.  7002  Atonic  energy — ^production  sites 
By  Price 

To  amend  the  Atomic  Energy  Act  of  1954,  as 
amended,  to  provide  for  approval  of  sites  for  pro- 
duction and  utilization  facilities.  (To  Atomic 
Energy. ) 

Status : 

H.R.  7130  Housing — low  income — energy  conversion 

improvements 

By  Gude  and  Fithian 

To  establish  in  the  Department  of  Housing  and 
Urgan  Development  a direct  low-interest  loan  pro- 
gram to  assist  homeowners  and  builders  in  purchas- 
ing Md  installing  solar  heating  (or  combined  solar 
heating  and  cooling)  equipment,  (To  Banking,  Cur- 
rency and  Housing.) 

Status: 


other 
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S.  7liU  Research— mnsnetohydroSynBnla 8 
By  Mansfield  and  Metcalf {Mont. ) 

To  authorise  a vigorous  federal  prograjn  of  re- 
search)  development,  and  demonati'ntlon  to  assure 
the  utilization  of  MttD  {magnetohydrodynsmica)  to 
assist  in  neeting  our  national  energy  needs,  (to 
Interior  and  Insular  Affalra.) 

Status: 

S.  808  Housing — lov  income— fuel  stamps 
By  hartie  and  Humphrey 

To  establish  an  emergency  fuel  stamp  program  to 
assist  low-income  houselholds  to  meet  the  rising 
cost  of  fuel  used  in  home  heating  and  cooking.  (To 
Labor  and  Public  Welfare.) 

Status: 

S.  897  Income  tax — incentives — energy  consenration 
By  Mathias (Md.) 

To  amend  the  Internal  Revenue  Code  of  1954  to 
provide  incentives  for  energy  eonservatioa,  (To 
Finance.) 

Status; 

S.  911*  Public  buildings — energy  conservation- 

design 

By  Pell 

To  encourage . the  conservation  of  energy  by  re- 
quiring that  certain  buildings  financed  with  feder- 
al funds  are  so  designed  and  constructed  that  the 
windows  in  such  buildings  can  be  opened  and  closed 
manually.  {To  Banking* -Eousing  and  Urban  Affairs,. 
Status: 

S,  98U  States  and  municipalities — >land  resources 
development  programs • 

By  Jackson,  Aboxirezk,  Brooke,  Bumpers,  Church, 
Cranston,  Gravel,  Hart(Mich.),  Hart ( Colo .) , Ilaskellj 
Hatfield,  Hollings,  Humphrey,  Inouye,  Javits, 
Kennedy,  McGee, -Magnuson,  Metcalf(Mont.),  Mondale, 
Montoya,  Nelson,  Packwood,  Randolph,  Hibicoff, 
Stevenson,  Tunney  and  Johnston, 

To  authorize  the  Secretary  of  the  Interior  to 
make'  grants  to  assist  the  state’s  to  develop  and 
implement  state  land  resovirce  programs  and  to  as- 
sist Indian  tribes  to  plan  the  use  of  tribal  lands; 
to  encoxurage  expeditious  energy  facility  siting 
decisions;  to  coordinate  federal  programs  which 
significantly  affect  land  use;  to  encourage  re- 
search on  and  training  in  land  resource  planning 
and  management;  to  establish  eui  Office  of  Land  Re- 
source Planning  Assistance  in  the  Department  of  the 
Interior,  {To  Interior  and  Insular  Affairs.) 

Status: 

S.  1112  Energy — Energy  Trust  Fund 
By  Gravel 

To  establish  an  Energy  Trust  Fund  funded  by  a 
tax  on  energy  sources,  to  provide 'for  the  develop- 
•ment  of  dcmestic  sources  of  energy  and  for  the  more 
efficient  utilization  of  energy.  (To  Finance.) 
Status: 


S«  III19  Energy— conservation 
By  Humphrey  and  Jackson 

To  provide  for  a national  fuels  and  energy  con- 
servation policy,  to  establish  a national  energy 
conservation  program,  (To  Interior  end  Insular  Af- 
fairs, Banking',  Housing  and  Urban  Affairs,  ComBerce, 
Finance,  Goverimen'Ik^Operations , and  Publie  Works.) 

Status  s 

S,  120?  Eiiergy — Energy  Production  Corporation 
By  Schweiker 

To  establish  the  Federal  Energy  Production  corpo- 
ration. (To  Interior  and  Insular  Affairs.) 

Status: 

S,  1208  Energy 

By  Metcalf  (Mont..),  Mansfield,  Humphrey,  MosslUtah;, 
McGovern,  Abourezk  and  Hatha-way. 

To  improve  the  nation's  energy  resources,  (To 
Commerce. ) 

Status: 

S.  1392  Energy— consejrvation—demonstration  pro- 

gram 

By  Tunney 

To  establish  a demonstration  program  in  energy, 
conservation,  using  promising  innovative  technology 
to  the  maximum  extent  possible,  through  retrofit- 
ting existing  buildings  -with  ener^  conservation 
equipment  and  systems,  (To  Public  Works,  Cooimeroe 
and  Government  Operations.) 

Status ; 

S.  1515  Excise  taxes — gasoline — increase 
By  Stafford 

To  amend  the  Internal  Revenue  Code  of  1954  to 
encourage  efficient  energy  use,  to  reduce  United 
States  dependence  on  foreign  petroleum,  (To 
Finance.) 

Status ; 

E.  1T42  Energy 

By  Brooke  and  Metcalf(Mont. ) 

To  amend  the  Federal  Energy  Administration  Act 
of  1974’in  (Wder  to  provide  for  the  prohibition  of 
certain  practices  which  encourage  addition^  use  of 
electricity  and  na-fcural  gas.  (To  Conmerce.) 

Status; 

S.  1777  Ecology — environmental  protection — elec- 
trical power  supply  facilities . 

By  Randolph,  Jacksen  and  Magnuson. 

To  require  that  new  and,  to  the  extent  pr^tic— 
able,  existing  electric  powerplsnt  boilers  and 
major  industrial  boilers  which  utilize  fossil  fuels 
be  capable  of  utilizing  coal  as  their  primary 
energy  fuel  in  conformity  with  applicable  environ- 
mental requirements.  (To  Interior  and  Insular  Af- 
fairs and  the  Committee  on  Public  Works.) 

Status; 

H.R.  3573  Housing — low  and  milddle  income — energy 
conservation  improvements 
Barr6t1»  sJid  Hgus3«  , 

To  assist/  low  middla  dncoma  ovnars  of  fssi" 
dentlal  structures  itt  purchasing  and  installing 
ensrgy  conservation  iiaprovesiento*  (®o  Batikldg^ 
Currency  end  Housing#) 
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H.H.  3750  Energy — Energy  Conservation  Corporation 
By  lioFall,  Teague,  Eohleiaan,  Ashley,  Badillo, 
Brademaa,  Brovn(Calif, },  Burhe(Callf • 5 , Carney, 
Corman,  Cotter,  Daniel3(N.JO»  Danielson,  Drinan, 
EdvardsCCeJLif.),  Eiberg,  Florio,  Ford(Tenn.),  Ford 
(Mich,),  HavKins,  Helatoski,  Hubbard  and  Hungate. 

To  establish  a National  fiiergy  and  Conservation 
Corporation  (A>S-K)WI3i ) , and  for  other  purposes,  {To 
Interior  and  Insular  Affairs  and  Science  and  Tech- 
nology. ) 

Status: 

H.R.  3775  Public  utilities 
By  Forsythe 

To  assure  protection  of  environmental  values 
vhile  facilitating  construction  of  needed  electric 
power  shpply  facilities.  (To  Interstate  and  Foreign 
Commerce,) 

Status : 

it.R.  3860  Energy--Energy  and  Conservation  Corpo-  • 
ration 

B_y  Hammerschmldt 

To  establish  a National  Energy  and  Conservation 
Corporation  (AM-POVTER).  (To  Interior  and  Insular 
Affairs,  and  Science  and  Technology.) 

Status : 

3[.R,  !|071  Energy — allocations — exemption 
By  Heinz 

To  provide  for  more  effective  congressioneQ.  re- 
view of  administrative  actions  which  exempt  petro- 
leum products  from  the  Haergency  Petroleum  Alloca- 
tions Act  of  1973,  or  which  result  in  a major  in- 
crease in  the  price  of  domestie  crude  oil;  and  to 
provide  for  am  interim  extension  of  certain  expir—. 
ing  energy  authorities.  (To  Interstate  and  Foreign 
Commerce.) 

Status: 

H.H.  Energy — Energy  and  Conservation  Corpo- 

ration 

By  McFall,  Teague,  Udall  and  Bergland 

To  establish  a National  Biergy  and  Conservation 
Corporation  (aM-POWER).  To  Interior  and  Insular 
Affairs,  and  Science,  and  Technology.) 

Status: 

H.R.  1653  Mining— oil  and  gas — offshore  leasing 
^ Bell,  Miller (Calif.),  Eyan,  Stark,  Corman, 
Kaguire,  Abzug,  Hawkins,  Krebs,*  Hannaford,  Roybal, 
Ekery,  Halstoski,  Carney,  Ambro,  Cleveland,  Rich- 
mond, Solaxz  and  Holtzman. 

To  amend  the  Outer  Continental  Shelf  lands  Act 
•to  provide  a procedure  for  congressional  disapprov- 
al of  offshore  oil  and  gas  leases,  (To  Interior  and 
Insular  Affairs,  and  Rules.) 

Status: 


H.R.  I693  Energy — ahortagea— -natural  gas 
By  McDade 

To  give  greater  assurance  that  national  and 're- 
gional needs  are  satisfied  in  times  of  shortage  of  ' 
natural  gas  and  petroleum  and  its  products.  (To 
Interstate  and  Foreign  Comnerce.) 

Status : 


H.R.  I728  Income  tax  credits — residential  improve- 
ments— thermal  design. 

By  Vanik,  Alexander  ajid  Wolff 

To  emend  the  Internal  Revenue  Code  of  195^  to 
allow  an  income  tax  credit  or  an  income  tax  deduc- 
tion for  certain  expenditures  of  a taxpayer  relat- 
ing to  the  thermal  design  of  the  residence  of  such 
taxpayer,  (ito  Ways  and  Means.) 

Status: 

H.R.  1*799  Rural  affairs 
By  Poage 

TO  amend  Sections  306  and  308  of  the  Rural 
Electrification  Act  of  1936,  as  amended.  (To 
Apiculture . ) 

Status : 

H.R.  4858  Bee  Enviroment 

H.Ri  4862  Energy — Ikergy  and  Conservation  Corpo- 
ration 

By  McFall,  league  and  Hannaford. 

To  establish  a National  Energy  and  Conservation 
Corporation  (AMPOWER),  (To  Interior  and  Insular  Af- 
fairs, and  Science  and  Technology..) 

Status : 

H.R,  4876  Housing — low  and  middle  income— energy 
conservation  improvementa 
By  St,  Germain 

To  assist  low-  and  middle-income  owners  qf  resi- 
dential structiu:es  in  purchasing  and,  installing 
energy  conservation  improvements.  (To  Banking, 
Currency  and  Housing. ) 

Status: 

H.R.  4907  Antitrust — competitive  practices— 
petroleum  industry 
By  Hechler(W.Va. ) 

To  amend  the  Clayton  Act  to  preserve  and  promote 
competition  among  corporations  in  the  production  of 
oil,  natural  gas,  coal,  oil  shale,  tar  sands,  ura- 
nium, geothermal  steam,  euid  solar  energy,  (To 
Judiciary. ) 

Status; 

H.R.  5005  Energy — conservation 
By  UUman 

To  provide  a,  comprehensive  national  energy  con- 
servation and  conversion  program.  (To  Hays  and 
Means. ) 

Status : 

H.H.  5027  Consumer  protection — energy  supplies 
By  Roybal,  Burke(Calif , ) and  Brlnan 

To  regulate  commerce  by  assuring  that  adequate 
supplies  of  energy  resource  products  will  be  avail- 
able at  the  lowest  possible  cost  to  the  Consumer. 

(To  Interstate  and  Foreign  Commerce. ) 

Status: 

H.R,  7080  Public- buildings— energy  conBervation— 
design 

By  Cleveland  and  Howard, 

To  insure  that  certain  buildings  financed  with 
federal  funds  utilize  the  best  practicable  tech- 
nology for  the  conservation  and  Use  of  energy.  (IPs 
Public -Works  and  Transportation.) 


N.2  STATE  ENERGY-RELATED  LEGISLATION  (as  of  June  1975) 


♦SHned  by  the  Goyernor 
1.  Utnttles/PubUc  Power 
Co1ors<lo*Hl966 


Connec  ti cu t-S1081 
Connecticut-SSll* 
Ceorgia-K3t* 


Permits  political  subdivisions  which  own  municipal 
electric  systems  to  provide  any  service  through 
the  establishment  of  a separate  entity  to  produce, 
generate,  and  transmit  electric  power  and  energy 
supplies. 

Concerning  the  establishment  of  a public  utilities 
control  authority. 

Concerning  the  establishment  of  muncipal  electric 
energy  cooperatives. 

Creates  the  Georgia  Municipal  Electric  Authority 
to  acquire,  construct, ...public  projects,  embracing 
generation  and  transmission  of  electric  power 
and  energy. 


Iowa-HS08» 

Haine-K4U(L0501)* 

Hebraska-L860* 

Nebraska-L86Z* 

Nebraska-LB63* 

Nebraska-LB104* 

ilevada-ACR3&* 

Jlevada-A500 


Hake  technical  amendments  to  clarify  that  tne  powers  to 
fona  joint  electrical  utilities  are  given  to  cities, 
rather  than  city  utilities  which  are  not  municipal 
corporations. 

Act  to  authorize  the  plantation  of  Hatinicus  to 
establish  an  electric  power  generating  authority. 

Provide  procedures  for  any  city  or  village  to 
contract  for  energy. 

Provides  tnat  the  exercise  of  powers  of  public 
power  districts  may  be  delegated. 

Changes  when  sealed  bids  shall  be  required  prior 
to  entering  Into  contracts. 

Provide  powers  to  contract  for  the  generation 
of  electric  power  and  energy. 

Directs  the  Legislative  Cootnission  to  study  electric 
utility  companies,  gas  utility  companies  and  the  PSC 
of  Nevada , • 

Creates  an  energy  management  division  within  the 
the  PSC  of  Nevada. 


Neyada-A275» 


Kortli  Carol1na'H266* 


liorth  Carol  ina-SJR343* 


Pennsy1vania-SR8* 
Rhode  Island'SSSl* 


Creating  a>  committee  to  study  electric  utility  com- 
panies, gas  utility  cc.T.?anies  and  the„Public  Ser- 
vice Co:wsission  of  Nevada 

Auftorizing  municipalities  in  tne  State  of  North 
Carolina  to  jointly  cooperate  in  the  generation  and 
transmission  of  electric  power  and  energy  and  to 
jointly  own  and  operate  facilities  therefor. 

Urging  tne  North  Carolina  Utilities  Cooratssion 
to  conduct  a fuel  allocation  policy  study  and  to  de- 
velop a long-term  policy  for  the  State. 

Investigate  cause  of  power  failures  and  reason* 
for  high  cost  of  electricity. 

Regulating  the  ownership  of  electric  generating 
facilities. 
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Rhode  IslantI-HR5920* 

South  fr»l(ota-K764* 

South  0akota-H767* 
Tcnnessee-S764* 

Utah-HlJl* 

Utah-S87* 

Uti]ities/Rite  Structure 
Connect1cut-Sl595* 

Maine-5469(L01603)* 

Haine-ID16S3* 

Haryland-!M8  (Vetoed) 

Hichigan-HR17* 

North  Carol ina-M506* 
North  Carol ina-H363* 

North  Carol ina-S133* 
North  Cakota-HCR3088* 


Utilities/Consumer  Advocacy 
Connecticut-H7491 

ConnecticUt-H76Z3 

0elaware-SZ41* 


Resolution  to  study  the  feasihility  of  the  State  of 
Rhode  island  oeveloping  and  Ofimng  any  end  all  new 
electric  generating  facilities  witnvn  the  State. 

Legaliie  and 'valioate  certain  expenditures,  acgaisitions 
and  contracts  made  by  and  entered  into  by  consumers 
power  districts. 

Relating  to  contractual  powers  of  a consumers  power 
district. 

Remits  r4.uncipa1i ties  to  build  and  operate  energy  re- 
duction and  delivery  facilities. 


Ajfc'ije'  joi.-.t  participation  between  Utah  cities, 

.'4^,. t •.•(...'ice'  toioamec  ir.  planning,  financing, 

cansirvCf  un , cccuisition.  o».".ers.nip,  operation  and 
naiotunarice  or  tnarn-a*.  pOnO**  facilities. 

Adding  electrical  facilities  to  items  for  which 
muninoal  1 ties  may  issue  bends. 


Concerns  state  payment  of  utility  bill  Interest 


Rronibu  the  arbitrary  iiiwosiiion  of  certain  fuel  charges 
by  electric  power  utilities. 

Requires  tne  PUC  to  consider  the  efficiency  with  which> 
a utjlity  opjeratss  ir.  granting  rate ‘increases. 


Requiring  the  Public  Service  Coamission  to  study 
certain  rate  structures  used  by  gas  and  electric 
companies  under  its  jurisdiction  and  investigate 
alternatives. 

Creating  a special  comittee  to  study  the  various 
factors  wnich  determine  the  rate  structure  of  public 
utilities. 

Authorizes  the  Utilities  Commnssion  to  establish  rules  for 
filing  rate  cases. 

Provides  for  the  fixing  of  utility  rates  in  fi.C.  based  upon 
the  reasonable  original  cosfof  tre  property  used  and 
useful  in  providing  service  to  the  public. 


Enlarges  the  North'  Carolina  Utilities  Commission; 
requires  separate  hearing  on  rate  increases  based 
solely  upon  fuel  costs. 

Directs  the  Legislative  Council  to  conduct  a study 
of  the  Public  Service  Comnlssioii's  authority  to 
establish  electrical  rates. 


An  act  concerning  the  termination  of  service  by 
Public  Service  Conpanics. 

An  act  concerm.-.g  advertisiiig  ay  gas  and  electric 
public  service  coapanies . 

Exempts  the  gross  recipts  and  tariff  charges  re- 
ceived by  electricity,  gas  ard-telegraph  compenies 
frra  residential  cons.-ors  an,i  users  and  the  sale 
price  or  tariff  cnerges  paid  ay  resiaential  consumers 
to  the  telephone  canpany  from  tne  public  utility  tax. 
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OaUware-SCRZS* 

Directs  \ha  Pjbhc  to  adopt  rcQuIa- 

ticns  requiring  utility  ccap<.nies  of  this  state  to  in- 
stitute and  publisn  a customer  bill  of  rights  establish- 
ing certain  procedures  for  resolving  custonier  coir.plAints. 

Delaware  H222* 

Substi.iciiii ly  revises  Cvsir.ess  license,  occupation 
Wcen'ie';,  :ind  tr.a  .zercastilo  t«x.  Adcs  a gross  re- 
ceipts in  *\i,n  to  c^cupatio.ial  licenses, 

required  cf  all  retai'iiAg  goo.i  ,i  id  services. 

Georgia-iH73* 

Prcvi.ies  that  no  gas  or  electric  utility  co-*^pany  shall 
cut  off  service  teesuse  resident  has  failed  to  pa/  for 
any  appliance  purchased  fron  such  co^vany. 

Indiana -3535* 
Haryland-HS85  (Vetoed) 

Xelatas  to  the  power  of  tr.n  Public  Service  Ctxa-  riTyr 

ir.ttsion  to  change  rate  schedules  without  hearing  UKICtTI^TA  Tf 

OP  PcSb 

Providing  electric  bill  savings  to  the  citizens  of 
certain  counties  wni1e  maintaining  air  quality 
at  levels  fully  acequate  to  protect  the  public 
health  and  preserve  the  envirorurient. 

West  V{rglnlJ-H966 
■(Veto  Overriden) 

Requiring  the  convuission  to  hold  a full  public  hearing 
before  allowisg'a  public  utility  to  increase  price 
cnarged  for  electricity  due  to  certain  increased 
fuel  costs. 

Tax  ExeniptionsyKotor  Fuel 

Georg1a-H617* 

Provides  that  sale  of  rotor  fuel  to  an  ultimate  con- 
sumer who  has  both  high  and  nonhighway  uses  shall 
not  be  subject  iMtOr  fuel  tax. 

Georgia-H315* 

Relates  to  cxEmpti dns  for  motor  fuel  other  than 
gasoline  used  for.nonnighway  purposes. 

Hontana-H53* 

Relates  to  the  school  transportation  reiirbursement 
rate  schedules,  providing  an  increase  of  the  bus 
per  mile  reiiriursement. 

South  0akota-S237{ Vetoed) 

Relating  to  exemption  of  motor  fuel  used  for  agricultural 
purposes  from  taxation. 

Tax  Exemptions/Heating  Fuel 

Vennont-SSd* 

Exempt  electricity  used  in  residences  and  heating 
fuels  used  in  residences  from  the  sales  and  use  tax. 

Tax  Exen^tions/Ouilding  Efficiency 

Honliina-K663* 

Encourages  investment  in  noftfossil  forms  of  energy 
generation  anc  in  energy  conservation  in  buildings 
thfouQh  tax  incentives  and  caoital  availabili tv. 

Tax  Exemptions/Incentives/Solar  Heating  and  Cooling 

Arizona-5101 1* 

ATvendBents  to  the  act  providing  for  tax  deductions 
for  installing  solar  energy  devices. 

Coloardo-S75* 

Concerns  the  valuation  for  assessment  of  solar 
■halting  and  cooling  devices. 

fiaryland-HlMd* 

Requiring  that  solar  energy  heating  and  cooling 
units  used  in  certain  buildings  be  assessed  in  a 
manner  so  as  to  not  exceed  the  assessment  of  conven- 
tional heating  and  cooling  units. 

Hontana-H663* 

Encourages  investment  in  nonfossil  forms  of  energy 
generation  and  In  energy  conservation  in  buildings 
through  tax  Incentives  ano  capital  availability. 

Hew  Hexi CO-SI* 

Providing  for  a credit  against  personal  incc.se  tax 
due  to  the  conversion  to  or  construction  of  solar 
energy  systems;  providing  for  a refund  to  taxpayers, 
if  credit  allowed  exceeds  tax  liability. 

North  Dakote-S2439» 

Exe.ption  from  property  taxes  and  sales  and 
use  taxes  of  solar  energy  systems  to  heat  or  cool 
buildings  and  structures. 

Tax  Exeffigtions/Incentives/Solar  Keating  and  Cooling 


Oregon-lIZZOZ  Provides  tax  exenptlon  on  Increased  value  of  property 

as  a result  of  soler  energy  heating  and  cooling  systems. 

South  0atota-SHB3*  Provlces  for  a property  tax  deduction  for  the  utiliza- 

tion of  solar  energy  systems. 


Tax  Exeraptioris/Utlllty  Sales  . 

South  Dahota-SSZ* 

Act  relating  to  the  e/e;:iption  of  fuel  used  by 
utilities  and  industry  frc.'n  the  use  tax  is  repealed. 

Tax  AppUcatlons/Oepletlon 

California-A177* 

Limits  the  total  accumulated  amount  of  depletion  that 
would  be  taken  to  an  amount  equal  to  the  adjusted  cost 
of  a taxpayer's  interest  in  such  oil  or  gas  wells  which 
is  subject  to  recovery  tnrough  the  application  of  the 
depletion  allowance.  ' 

0elaware-H137* 

Oisanews  deductions  for  percentage  depletion  of 
oil  and  nes  wells  in  cc^noutino  taxable  income. 

Tax  Appjicatlons/Motor  Fuel 

Colorado-SZ7 

Deletes  requirement  for  an  annual  permit  to  use 
special  fules;  allows  permit  to  remain  in  effect  un- 
til the  vehicle  is  sold  or  the  owner  fails  to  file 
a report  to  pay  the  special  fuel  tax. 

Oelaware-HlSO* 

Relating  to  the  motor  fule  tax  by  increasing  the 
.tax  on  special  fuel. 

Mi nnesota-H1722* 

Increases  the  excise  tax  on  gasoline  and  gasoline 
substitutes. 

Montana-H2S5* 

Imposes  a license  tax  1n  lieu  of  a fuel  tax  on  each 
and  every  vehicle  self-propelled  upon  the  public 
highways  and  streets  of  this  State  using  liquid 
petroleum  gases. 

South  0akota-H567* 

Relating  to  the  imposition  of  the  tax  upon  motor 
fuels,  and  providing  for  a municipal  mptor  fuel  tax 
fund. 

Kaine-H131{LD161)* 

Makes  Clear  that  interest  applies  when  a report  is  filed 
by  a gasoline  distributor  without  payment  as  well  as 
when  no  report  is  filed. 

Franchiser  Protection/Retailer  Prerequisites 

flrkansas-SSS* 

Clarify  the  contractual  relationship  between  petroleitn 
products  suppliers  or  petroleum  products  distributors 
and  petroleum  products  dealers  as  defined  herein. 

Kaine-H124(L0160)* 

Relating  to  use  fuel  tax  audits. 

Maine-HI31(L0161)* 

Makes  dear  that  interest  applies  when  a report  Is 
filed  by  a gasoline  distributor  without  payment,  as 
well  as  when  no  report  is  filed. 

Minnesota-H48S* 

Tern  “franchise*  i.-icludcs  agreements  under  which 
t.he  franchisee  cay  market  motor  vehicles  and  cxitor 
vehicle  fuel. 

Kawaii-S1699* 

Concerning  the  procurement,  control,  distribution  and 
sale  of  petroleum  products. 

Maine-H735[ID920)» 

Regulates  the  distribution  and  sale  of  motor  fuels. 

Ven»nt-S19» 

Gives  service  station  operators  certain  rights 
when  dealing  with  tne  oil  companies  supplying  then 
with  products. 

Conservatton/Energy  Prtce  Labeling 


Connectioit-H76l7 

Concernino  posting  of  gasoline  signs. 

Conserva ti on/AppI f a rkce  Lableing 

Cal  iforn1a'*S213 

No  person  shall  be  sold  any  new  gas  appliance  with- 
out cotaininq  a seal  of  certification. 

Con$ervdtion/&u11ding  Eff^cienc^  Standsrds 

California-S119* 

Relates  to  energy  conservation  standards  for 
nonresidentfal  builairi^s. 

K1nnesota-H923* 

Postponing  the  deadline  for  promulgation  of  energy 
conserving  building  design  and  construction  stan- 
dards by  the  conmissioner  of  administration  from 
April  1,  1975  to  July  1,  1975. 

New  Hexlco-H395» 

Provioing  that  a feasibility  study  of  the  energy 
source  for  heating  and  air  conditioning  must  be  made 
before  any  contract  is  executed  for  the  construc- 
tion or  cajor  alteration  of  a state  building. 

Nevada-A716* 

Requires  adOa'>tfort  of  msu'iition  standards  for 

ill  public  and  private  buildirgs  constructed  in  Nevada* 

^orth  Carol ina-«$151* 

ReQkiires  St^te  agencies  to  nake  energy  consunption 
analyses  of  ?;ejor  construction  of  renovation  of  buildings 

North  Carolina-SRUg* 

Conservation  of  energy  through  the  North  Carolina 
Building  Code. 

North  Carol ina-SRl 50* 

Energy  conservation  through  "Energy  Consumption 
Analysis"  of  government  buildings,  including  schools. 

Oregon-3283 

To  provide  maxinum  energy  conservation  In  design, 
construction  and  repair  of  buildings. 

Texas-3516* 

Relates  to  energy  conservation  in  certain  buildings* 

Conservatlon/Apaliance  Efficiency  Stanriards/Indus trial 

• (torth  Carol  1na-S42D*  Establianea  an  expansion  policy  for  electric  utility 

plants  in  M.C.,  to  prKcote  ijrcaler  efriciency  in  the  use 
of  all  existing  plants. -and  to  reduce  electricity  costs 
by  requiring  greater  conserva lion  of  electricity. 


Research  and  Devclopsvent 

[owa-S2B9*  Appropriation  of  monies  to  a research  (energy)  and 

. developsent  fund. 


Kontana-$86  Creating  a fund  for  research,  development  and  de- 

monstration of  alternative  energy  sources  and  allo- 
cating certain  revenue  from  coal  taxes  to  the  fund. 

Hew  HexiC0-S185w  Relating  to  energy  researen  and  development;  creat- 

ing the  energy  research  and  development  Review 
Co.-imittee. 


Resource  Developraent/fiuclear 

Arlcansas-K659*  Establish  within  the  Arkansas  Separtnent  of  health 

a statewide  radiation  control  financial  responsibility 
program  embraci.ig  licensee  performance  bondint(  and 
perpetual  care  trusts. 

Connectieut-h7651  As  uct  roncermr.g  creation  of  a lecporary  nuclear 

power  evaluation 'council. 

Relating  to  the  r.uClcar  energy  council. 


Kansas-HZ071* 


Nevada-A761* 

Designates  health  divlson  of  Department  of  Human  Re* 
sources  as  State  Radiation  Control  Agency. 

0regon-S55* 

Permits  health  division  to  take  emergency  action  to  safe- 
guard puolic  against  radiation  sources;  requires  hearings 
in  certain  drums tances^ 

Oregon  HZ629 

Perraits  the  holder  of  a permit  to  construct  a nuclear 
fueled  thermal  power  plant  to  contract  to  crake  advance 
payments  to  local  governirents. 

0regon-K0R31» 

Oirects  Nuclear  and  Thensal  Energy  Council  to  designate 
as  unsuitable  for  then»l  power  plants  in  Newberry 
Crater,  Lava  Cast  Forest  and  roadless  areas. 

Rhode  tsiand-SSOS 

Investigates  the  construction  of  coal-fired  power  plants 
as  a viable  alternative  to  tbie  construction  of  nuclear 
power  plants. 

Rhode  Island-H5Z19 
(Vetoed) 

Reserving  to  the  general  assesaly  exclusive  juris- 
diction over  all  plans  for  the  location  and  con- 
struction of  an  oil  refinery  or  a nuclear  plant  any- 
wnare  vrithin  the  State, 

Vennont-H127* 

Provides  for  legislative  review  in  the  siting  of  nu* 
clear  power  plants. 

Vlrginia-Kl694» 

to  the  definitions  for  radiation  control 
and  the  powers  ant  duties  cf  the  state  departeent 
of  health  as  the  State  Radiation  Control  Aaenev, 

Resource  Cevelopment/Facility  Siting 

Connecticut-S994 

Concerning  the  Power  Facility  Evaluation  Council. 

Connecticut-HSZGZ 

Concerning  the  authority  of  the  Power  Facility 
Evaluation  Council. 

Connect!  cut-SlB 

Concerning  regional  referenda  for  oil  refineries. 

Georgia-SR123* 

Creates  the  Fewer  Plant  Siting  Study  Coiiuiittee. 

Haryland-177* 

Establishes  local  governrnont  controls  over  the 
siting  of  coastal  petroleum  refineries. 

Kontana-H453* 

Providing  for  the  suspension  of  action  on  certain 
applications  for  certificates  of  enviformental  com- 
patibility  and  public  need  for  two  years  during  which 
time  a comprenensive  Niantana  energy  policy  andplan 
shall  be  fonrulated. 

Hontana-H581* 

ftnends  the  Montana  Utility  Siting  act  of  1973. 

North  0a!<ota-S205O* 

Provide  for  energy  conversion  facility  and  trans- 
mission facility  siting  authority  by  the  Public 
ServiceComission. 

North  Carol.ina-S549* 

Establishes  a Utility  Review  CocuTn ttea. 

Tennessee-S30l* 

Enacts  the  Energy  Facility  Siting  Act  of  1975. 

Tennessee*S36Z* 

Changes  definition  of  "Enarsy  Recovery  Facility"  to  in- 
clude recovery  for  use  in  proouction  of  electricity. 

Hyoming-HlZS* 

Relates  to  major  industrial  facilities  siting. 

Resource  Developsuent/Revenue 


Arizona-HCa2004*  Urginj  Kew  Me^slco  to  rccqnslCer  Us  enactcent  of  it$ 

■ "Electrical  Erergy  Tax  Act"  and  urging  Congress  to 

enact  legislation  prohisiting  the  imposition  of  such 
a tax  by  ai^  State. 

Co1orada-S54*  Co.ncerns  the  oil  shale  special  fund;  providing  that 

interest  earned  by  federal  alneral  leasing  wneys 
from  oil  shale  lands  shall  be  expended  for  the  same 

purposes  as  the  original  leasing  moneys. 


Delawaire-li97 

(Vetoed! 

Kontana-SlS* 


8c1atiri<;  to  a :a;<  on  petroieuo  refineries. 


Providing  for  a severance  tax  on  coal  produced  at 
25'i  of  value. 


Kontana-514* 


Hevada-A158 


Hct  Hexic#'SZ58* 


Replacing  the  natural  gas  distributors’  tax  with 
a severance  tax  or.  tho  production  of  natural  gas, 

Relating  to  lease  of  state  landsi  increasing  the 
royalty  under  oil,  coal  or  gas  leases. 

liiipuses  a tax  on  tne  generation  of  electricity. 


Ke«  Mexico-S186*  Creating  the  Energy  Besurces  Coa-.ission;  increasing 

the  rate  of  oil  asd  gas  conservation  tax  and  extend- 
ing Its  application  to  all  other  fonT,s  of  energy 
severed  from  tne  soil  of  hew  .Vexico. , 


Resource  Oevelopnent/Renewable  Resources 


Arizora-51018* 

Co1orado-S95 


Establishing  a solar  energy  research  conunission-and 
a solar  energy  research  council. 

Concerns  solar  easenents,  and  provides  for  the 
creating  and  conveyancing  thereof. 


Haine-S175(l0544)* 
'Montana- S79* 


Nevada-S153 

Nevada-SCR28» 


Protects  tidal  resources  as  a source  of  power 
generation. 

Requiring  the  owners  of  oil  and  gas  wells  to  file 
bottoa-hole  temperatures  with  tne  board  of  oil  and 
gas  conservation  to  facilitate  the  discovery  of  po- 
tential geotnenral  energy  sources. 

Relating  to  gcotnensal  resources. 

Directs  state  engineer  to  appoint  a coismittee  to 
study  goverr.ueni  regulations  pertaining  to  develop- 
ment, control  and  conservation  of  geothermal  re- 
sources in  iievaca. 


Mew  Mexieo-S120* 
New  (iexico-H276* 

0regon-H2040 


Relating  to  solar  energy' resources. 

Relating  to  the  conservation,  regulation  and  pre- 
vention of  waste  of  geotnenral  resources,  gives  the 
oil  conservation  comission  autnority  to  regulate, 
conserve  and  prevent  waste  of  scothcrmal  resources. 

Requires  huclear  and  Theral  Energy  Council  to  act 
on  an  application  for  geo uersal- fueled  thermal 
power  plant  within  a irontns  of  filing. 


0regon-H2036* 


0regon-H3l85 


0regon-HJR66 


Adds  solar  energy  consideration  to  comprehensive 
planning. 

Authorites  foin.ition  o:  sea:.',cr.-.'.l  heating  districts; 
authorizes  districts  to  pitiviae  geothermal  heat  to 
innubita.'its  of  districts. 

Directs  that  scnools  teacr,  and  practice  shills  of  re- 
cycling and  resource-cnerg/  conservation. 


Virqinia-H1809* 


Viminia  Solar  Enerc'/  Center  is  created. 


Hanag  einen  t/Organi  zation 

Georgia-SRl97* 

Indiana-SCR41* 


Iowa-S3U' 


Creates  the  Energy  Production  Study  Conmittee, 

Creates  a caimiittee  to  study  the  transportation  and 
energy  crisis  and  tne  effects  of  federal  fuel  con- 
trols on  transportation  in  Indiana. 

Relating  to  tne  regulation  of  surface  coal  mining, 
imposing  additional  feet  and  providing  for  viola- 
tion of  the  act. 


Kansas-Sl3* 


Creates  a Kansas  Energy  Office. 


Naine-LD1S58» 

Creates  the  Maine  Energy  Development  Fund. 

Haine-S4<10aDl«6)* 

Re-assigns  the  functions  of  the  Department  of  Commerce 
and  Industry  and  the  Office  of  Energy  Resources. 

Heyada-A523* 

Creates  State  Energy  Resources  Advisory  Board. 

0regon-S4B3 

Creates  a Department  of  energy. 

TerncsseC’H272( Vetoed) 

Establishes  the  Tennessee  Energy  office  and  provides 
for  its  powers  and  duties. 

Utah-H323* 

Adds  mining  to  division  of  oil  and  gas  conservation 
and  provides  for  rehabilitation  of  mined  lands 
under  the  board. 

Vennont“Hfl07* 

Establishes  a department  of  energy  planning. 

Kest  Yirginta-HlZ93* 

Continuing  the  comnission  on  energy,  economics 
and  environment.. 

Emergency  Powers/aesponse 

Connecticut-H8303» 

Concerning  the  grant  of  exemptions  during  an  energy 
emergency. 

Connecticut-H85S5 

Concerning  an  emergency  energy  assistant  program. 

Delaware'S86* 

Extends  the  Governor's  emergency  powers  to  June  30,  1975 

Idaho-Sim* 

Relating  to  the  curtailment  of  electrical  or  gas 
service  during  esitergencles. 

Haryland-S204* 

Extends  to  a certain  date  certain  powers  of  the 
Governor  in  emergency  energy  crisis  situations. 

Tennessee-S199* 

Amends  code  which  gives  emergency  powers  to  the  govern- 
ment in  the  event  of  an  energy  emergency. 

Yennont*SHO* 

Extends  the  emergency  powers  of  the  executive  to 
deal  with  energy  jiroblems. 

Vlyoining-S41* 

Repeals  the  1974  Energy  Emergency  Powers  Act,  and  fixes 
an  expiration  date  of  July  1,  1977. 

Miscellaneous 

Arizona-H2231* 

Authorizes  schools  to  transfer  and  reallocate  monies 
from  any  operating  funds  to  pay  costs  of  heating  and 
transportetion  fuels. 

Connect1cut-H5761* 

Concerning  suspension  of  delivery  by  fuel  oil  and 
bottled  gas  retailers. 

Hinne5uU*$3S* 

Relating  to  education;  requiring  each  school  dis- 
trict to  mahe  reports  concerning  the  consumption  of 
energy. 

Hinnesota-S38* 

Raletjng  to  educ.itior.*  reQuiring  each  school  district 
to  reports  coiK&rtnng  tne  consimption  of  energy. 

Oaiahoma-S145(LaM) 

Provides  for  creation,  administration,  merger  and  dls- 
solutian  of  rural  natural  gas  distribution  districts  in 
same  manner  as  provided. 

Oregon-H32W» 

Authorizes  Department  of  Transportation  to  fix  energy 
conservation  speed  limitation. 

Rhode  IsUnd-H6050* 

Relating  to  retroactive  price  adjustments  for  public 
worx  contracts  involving  the  use  of  certain  petroleum 
products. 
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